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Land application of secondary treated sewage effluent is part of Deer Lodge, Montana's 
agreement with the Voluntary Nutrient Reduction Program, a program to reduce direct 
nutrient pollution in the Clark Fork River. In 2000 and 2001,118 acres of two ranch hay 
pastures on gravel dominated river terraces were sprinkler irrigated with 82 million and 
172.5 million gallons of treated sewage effluent. The goal of this project is to examine 
the factors controlling the fate and transport of nutrients in the soil water and 
groundwater systems. A water and nitrogen balance approach evaluated groundwater 
recharge, effluent, groundwater, soil, and soil water chemistry. Effluent infiltration 
depths and soil moisture gradients were measured, and plant uptake, storage, 
volatilization, and denitrification determined. Effluent chemistry has shown to contain 
significant amounts of sulfate (45 mg/1) and chloride (28 mg/1), along with total coliforms 
(600 col/100 ml). Ammonia (5.7 mg/1) and nitrate (<1.0 mg/1) concentrations in the 
effluent remained low. Soil water shows evidence of increased chloride and sulfate that 
increase with depth. Tensiometer data from the 2000 irrigation season showed both 
upward and downward gradients in the soil, and mostly upward gradients. Groundwater 
nitrate concentrations (water table ranges from 4 to 23 ft below land surface) have shown 
no change from background values in response to irrigation. Bacterial groundwater data 
suggest groundwater may be affected by irrigation, however, due to data discrepancies 
bacterial data was inconclusive. Chloride builds up below the unsaturated root zone and 
highest concentrations of chloride in groundwater under irrigated fields are seen during 
irrigation season. Nitrate balance calculations indicate that potential plant uptake would 
control nitrate in the vadose zone. Water balance calculations indicate that 
approximately 30% of applied irrigation water recharges groundwater, and between 5 and 
40% of applied nitrogen is leaching to groundwater. VS2DT, an unsaturated zone model, 
was used to conceptualize water and nitrate movement through the vadose zone. The 
highest concentrations of nitrate entering the water table are during each irrigation period, 
though are below drinking water standards and no build-up of nitrate in the unsaturated 
zone between seasons is apparent. Two management models were also run to evaluate 
different irrigation management practices for comparison with current procedures. Under 
one of the management scenrios, mass of nitrate transported to groundwater is 50% less 
than current management. 
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Chapter 1: INTRODUCTION 
The use of sewage effluent for grass and crop irrigation water has been practiced 
for centuries throughout the world (Shuval et al., 1986). It provides farmers with a 
nutrient enriched water supply and society with a reliable and inexpensive method of 
wastewater disposal (Feigin et al., 1991). Land application of effluent by municipalities 
provides additional wastewater treatment as water is utilized by plants and filtered by 
soil, conserves water by recharging the aquifer, and fertilizes crops (Ellis, 1973). Many 
sewage treatment systems use land application as an alternative to discharging treated 
effluent directly into surface waters. This reduces the chance of the eutrophication and 
associated blooms of toxic blue-green algae that often occur in receiving waters 
(McDowell, 2000). However, effluent irrigation may cause other environmental 
problems if not carefully managed. Fluids contain bacteria, dissolved minerals, and 
nutrients that may result in the accumulation of salts in soils, cause surface runoff that is 
higher in TDS and nutrients, and degradation of underlying groundwater (Feigin et al., 
1991, Bond, 1998, Bouwer, 2000). 
Sewage effluent usually contains high levels of macronutrients, e.g. nitrogen and 
phosphorous, along with pathogenic microorganisms (Feigin et al., 1991). When used as 
irrigation water, these macronutrients benefit plants but are also a potential source of 
groundwater contamination. In arid regions, it is often necessary to apply water in excess 
of plant needs to maintain a favorable salt balance in the root zone (Lund et al., 1981). 
Nitrate-nitrogen concentrations unused by plants may then percolate to the shallow 
groundwater system impacting water quality (Bond, 1998, Polglase et al., 1995, Schipper 
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et al., 1996). Nitrate concentrations in groundwater used for drinking water are 
regulated (10 mg/L nitrate -N) due to reported impacts to human health (U.S. EPA, 
2000). 
Not all nitrogen delivered to a field during irrigation remains available to recharge 
groundwater. Volatilization and denitrification may account for some loss of nitrogen. 
Smith et al. (1996), however, found these losses were only a few percent of applied 
nitrogen. Irrigated soils containing organic matter can become sources of nitrogen as 
nitrate is released into soil water during mineralization. When such soils receive nitrogen 
rich effluent water, nutrient leaching to groundwater is likely (Polglase et al., 1995). 
Schalscha et al. (1979) found that 30-50% of the nitrogen in effluent used for irrigation 
leached to groundwater. Burton and Hook (1979) calculated up to 75% of the total 
nitrogen applied to land in effluent irrigation passed through the root zone and percolated 
to groundwater. Thus, nitrate loading to groundwater is controlled not only by effluent 
composition and application rates, but also by processes controlling nitrogen 
transformations in the vadose zone. 
Generally, the ability of lands to successfully treat wastewater is usually limited 
by either the capacity of land to infiltrate water or the capacity of the soil and vegetation 
to remove nitrogen. Central to attaining a sustainable effluent irrigation project is the 
analyses of water and nutrient balances for a site. Monitoring soil water status is 
important for evaluating short-term performance, but equally important are 
measurements of soil salinity, tracking the movement of nitrate and chloride to 
groundwater, and evaluating any changes to soil physical properties (Bond, 1998 and 
Bouwer, 2000). 
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The Grant Kohrs Ranch National Historic Site lies just outside the city limits of 
Deer Lodge, along the floodplain of the Clark Fork River, and within the Deer Lodge 
Basin of Western Montana. The historic site features an operating turn of the century 
cattle ranch. The National Park Service agreed to allow the town of Deer Lodge, 
Montana to dispose of secondaiy treated sewage effluent by sprinkler irrigating grazing 
fields in the northeastern portion of the Grant Kohrs Ranch (GKR) starting in the 
Summer of 2000. The Deer Lodge sewage treatment plant previously ponded sewage as 
primary treatment and then used ultra-violet (UV) light as a secondary treatment process 
prior to gravity discharge into the adjacent Clark Fork River. Land application of a 
portion of this treated sewage effluent is part of the agreement between the town of Deer 
Lodge and the Voluntary Nutrient Reduction Program (VNRP). The VNRP is a program 
designed to reduce nutrient pollution in the Clark Fork River by finding alternatives to 
direct river discharge of effluent from wastewater treatment plants. In 2000 and 2001, 
118 acres of grazing pastures were spray irrigated with approximately 82 million and 
172.5 million gallons of effluent, respectively (Figure 1). 
Professional Consultants Inc. (1994) prepared a pre-irrigation report, which 
quantified the hydraulic loading rates. They predicted that nitrogen uptake would be the 
limiting factor and that no degradation of groundwater would occur if daily application 
volumes stay below 1.7 MGD. Their work was based on one effluent sample (April 
1994) and estimates of field parameters. 
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Goal and Objectives 
The goal of this project is to assess the sustainability of effluent irrigation of 
coarse-grained river terrace soils of western Montana. The factors controlling the fate of 
nitrogen in the soil water and groundwater systems receiving effluent irrigation will be 
quantified. 
Specific objectives include: 
• Characterization of physical, chemical, and hydraulic properties of the vadose zone 
and groundwater system. 
• Determination of chemical and biological characteristics of the effluent. 
• Quantification of effluent application rates, infiltration depths, and rates of flow in the 
subsurface. 
• Monitoring the transport and/or accumulation of chloride and bacteria in the soil of 
irrigated areas. 
• Determination of the fate and transport of nitrogen as it moves from effluent and 
atmosphere into the soil, soil water, plants, and the groundwater using a nitrogen 
balance and water balance approach. 
• Assessment of the general sustainability of sewage effluent irrigation using a 
variably-saturated groundwater model to simulate groundwater recharge and estimate 
travel times through the vadose zone over a multi-year period of operation. 
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Conceptualization of Nitrogen and Water Fate in Irrigated Soils 
Nitrogen is usually considered the limiting agent in sewage effluent irrigation. 
Under proposed State of Montana DUES non-degradation rules, the application of 
wastewater should not result in greater than 5.0 mg/L of total nitrogen.in groundwater 
outside of "any applicable mixing zone designated by the Department" in order to be 
considered "nonsignificant". The maximum volume of effluent that can be safely applied 
to fields is governed by the nitrogen loading rate. 
Conceptual model of an irrigated field system 
The conceptual model of the hydrologic cycle in soil represents the physical 
processes occurring in sprinkler irrigated areas (Figure 2). The amount of water 
recharging the groundwater and the concentration of nitrogen in the soil water percolating 
to groundwater is used to evaluate short and long-term impacts of irrigation on 
groundwater quality. Inputs of water include precipitation and irrigation water (Figure 2) 
(Campbell and Diaz, 1988). Water leaves the soil system through surface runoff, 
evaporation, transpiration, and by percolating to groundwater (Figure 2). Water may also 
be held within the soil as stored water (Figure 2). The measurement of these water 
balance components are described in the methods chapter that follows. 
Figure 2. 
Hydrological Cycle of Irrigated Soils System 
Evaporation 
Precipitation 
Irrigation 
Runoff 
Infiltration Evaporation 
Transpiration 
Soil Water Storage 
Percolation 
Groundwater 
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Conceptual model of nitrogen balance in soil 
The conceptual model illustrates the nitrogen cycle of an irrigated soil system and 
the likely biological processes occurring (Figure 3). Inputs of nitrogen include 
atmospheric deposition, the load applied through spray irrigation, and nitrogen fixation 
(Sloto, 2000). Outputs of nitrogen include volatilization, denitrification, unsaturated zone 
storage, leaching to groundwater, and plant uptake (Sloto, 2000). 
Nitrogen in treated effluent is most often in the form of organic nitrogen, 
ammonia, and ammonium; small quantities of nitrate and nitrite may also be present 
(Shuval et al., 1986). Organic nitrogen in effluent is not directly available for plant 
uptake, and is not readily leached from the soil. Microbial activity in the soil converts 
organic nitrogen to inorganic nitrogen through ammonification (Organic N + 
microorganisms NHs/NH^. Ammonia is readily volatilized if the pH is above nine. 
When the pH of the effluent is low, ammonia in the spray effluent exists mostly as 
ammonium, which is often bound by clay in the soil or taken up by plants (Broadbent, 
1973, Hem, 1985). In a nitrogen limited system, microorganisms may convert nitrogen 
from the atmosphere into ammonium in the process of nitrogen fixation (N2 
NH3/NH4+). Microorganisms may also transform the ammonium ion to nitrate in an 
aerobic soil environment, known as nitrification (NH4+ + O2 NO2" + 02"^ NO3"). 
Nitrite is formed as an intermediate product during biologic nitrification. Nitrite is 
usually mobile, unstable, and quickly converted to nitrate where oxygen is present. 
Sewage effluent 
Sewage effluent 
^ Leaching 
to groundwater 
Figure 3. Nitrogen Cycle in the Soil 
NH3/NH/ 
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Both nitrate and ammonium may be immobilized during plant root synthesis, 
promoting plant growth. In an anaerobic environment in which nitrate is present, 
microorganisms often reduce nitrate to nitrogen gas in the process of denitrification (NO3" 
->N2). Nitrate is very soluble and negatively charged, and therefore is easily transported 
in soil water through the soil to groundwater (Smith et al., 1990). High concentrations of 
nitrate have been found in groundwater associated with long-term farm land application 
of sewage effluent suggesting the need for regulation of effluent application to balance 
nitrogen inputs with plant uptake (Hinsley et al., 1978). 
Site Description 
Physiography 
The Deer Lodge Basin is located in Powell, Deer Lodge, and Silver Bow 
Counties, western Montana. It trends north-south and measures 32 miles long by ten 
miles wide. The Flint Creek Range bounds the basin on the west and the Continental 
Divide bounds the east. The town of Deer Lodge lies centrally within the basin and has a 
surface elevation of4200 feet. 
Geology 
The Deer Lodge Valley is a result of the development of the Tertiary Deer Lodge 
Basin. The basin-filling sediments are Eocene to Miocene Renova Formation fine 
grained tuffaceous shales and siltstones overlain by Miocene Six Mile Creek Formation 
coarse-grained sands and gravels (McLeod, 1987). Subsequent downcutting by the Clark 
Fork River, development of erosional surfaces, and Pleistocene glaciation of the Flint 
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Creek Range west of the Ranch created the river terraced, broad valley landscape of 
today. The sediments are dominated by sand and gravel. The effluent irrigated fields are 
located on a river terrace just east of the Clark Fork River (Figure 1). 
Climate 
The active weather station closest in proximity to Grant Kohrs Ranch is Deer 
Lodge 3W, which has record of precipitation, temperature, and snowfall since 1959 
(Western Regional Climate Center, 2001). No evaporation or evapotranspiration data are 
reported for any stations in western Montana. Mean annual precipitation in Deer Lodge 
is 10.7" and during irrigation season (May to September) mean precipitation is 7.4" 
(Table 1). 
Table 1. 
Weather 
Station 
Annual 
Mean 
Temperature 
Mean 
Temperature 
during 
Irrigation 
Season 
Annual 
Mean 
Precipitation 
Mean 
Precipitation 
during 
Irrigation 
season 
Annual 
Mean 
Snowfall 
(°C) CO (in.) (in.) (in.) 
Deer 
Lodge 
3W 
4.9 13 11 7.4 41 
The remainder of the thesis is organized into the following sections: 
Chapter 2 discusses methodology and instrumentation, results are presented in Chapter 3; 
interpretations of the results and alternative management options are in Chapter 4, and 
Chapter 5 presents conclusions. 
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Chapter 2: METHODS 
Soil and groundwater physical and geochemical properties were examined and 
quantified to compute water and nitrogen balances. These balances are used to determine 
the quantity of irrigation water and nitrogen that will percolate to groundwater. Methods 
used to measure the physical and geochemical properties of the sewage effluent, 
precipitation, soil, infiltration, soil water, and groundwater are described in this section. 
Instrumentation and Monitoring 
An aerial photograph (1984) of the fields shows the locations of instrumentation 
(Figure 1). All instrument locations were established using a Trimble Global Positioning 
System (GPS) TSC1 Asset Surveyor using the following coordinate system: Universal 
Transverse Mercator (UTM), 12 north, NAD 1983, HPGN (Idaho/Montana). Error on 
location measurements of a single point is approximately +/-5 feet. 
Irrigation water characterization 
The quantity of effluent delivered to GKR from the Deer Lodge Sewage 
Treatment Plant was not directly gauged. It was computed based on the number of 
sprinkler heads running at one time, their reported flow rate, 6 gpm, and the length of 
time over which irrigation occurred. 
Inputs of nitrogen to the system from effluent were measured by effluent 
sampling. Samples of the sewage effluent were taken after primary treatment (ponding), 
after secondary treatment (UV light exposure), and directly from the applicator 
(sprinkler). Effluent was sampled once during the first irrigation season (2000) and 
monthly during the second season (2001). Samples were filtered and preserved, when 
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appropriate, stored at 4°C, and transported to the laboratory for preparation and 
analysis (see Appendix A). 
Alkalinity, anion, and coliform analyses were performed as soon as reasonably 
possible, adhering to analyte holding time protocol. Alkalinity was calculated by 
volumetric titration (Langmuir, 1997). Samples analyzed for anions by Ion 
Chromatography as per modified EPA Method 300.0. Analytes of interest from water 
samples include nitrate, nitrite, chloride, phosphate, and sulfate. Ammonia was analyzed 
colorimetrically using the Nessler reagent method on a HACH kit (HACH Co Portable 
HACH DR/2000 Spectrophotometer). One set of samples was analyzed for total nitrogen 
by Energy Laboratoiy of Helena, Montana. Specific conductance (Orion model 135 A 
Portable Conductivity Meter), pH (Orion model 250A Portable pH meter) and 
temperature (from both pH and conductivity meters) were measured in the field during 
water sampling. Table 2 summarizes laboratory methods used for both water and soil 
samples (Appendix A). 
Table 2. Analytical methods and detection limits for water and soil samples. 
Constituent Method 
Number 
Method Detection limit (mg/L) 
Ammonia-N EPA 350.2, 
HACH 8038 
Colorimetric, Nessler 0.50 
Nitrite-N EPA 300.0 Ion Chromatograph 0.05 
Nitrate-N EPA 300.0 Ion Chromatograph 0.10 
Kjeldahl Nitrogen EPA 351.3 Colorimetric, 
Kjeldahl 
0.50 
Nitrate+Nitrite-N EPA 353.2 Colorimetric-
Cadmium reduction 
0.05 
Total Nitrogen Calculated Calculated 0.50 
Phosphate EPA 300.0 Ion Chromatograph 0.05 
Sulfate EPA 300.0 Ion Chromatograph 6.0 
Bromide EPA 300.0 Ion Chromatograph 1.0 
Chloride EPA 300.0 Ion Chromatograph 1.0 
Total Nitrogen (soils) Elemental Analyzer 0.5 
Nitrate-N (soils) Colorimetric 0.1 
Ammonium-N (soils) Colorimetric 0.2 
Total Coliform Quantitray Quantitray <1 mpn/100ml 
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The methods were performed using analysis techniques that follow EPA 
standards. A quality control program using standard solutions, sample spikes, sample 
duplicates, sample splits, and blanks was incorporated into the collection and analysis of 
samples. 
Precipitation 
A Davis tipping-bucket (Rain Collector II) with an electronic HOBO Event 
Logger recorder was installed in late May 2001 (Figure 4) (Appendix B). Precipitation 
data prior to tipping-bucket installation were obtained from the Western Regional 
Climate Center, Deer Lodge 3W station (Western Regional Climate Center, 2001). 
Atmospheric deposition of nitrogen was measured from precipitation that was 
collected in a Clear Vu plastic wedge rain gauge on site. Gauge description and 
installation are in Appendix B. Analysis procedures are the same as for sewage effluent 
previously described. 
Evapotranspiration 
Ben Meadows Co. ETgauge, a modified atmometer, was installed in July 2001 as 
per instrument instructions (Figure 4). The evapotranspiration measured during the 2001 
irrigation season was used for values during the 2000 season. For comparison, 
evapotranspiration was also calculated using the Blaney-Criddle procedure (ASCE, 
1990). Blaney-Criddle is a temperature-based empiracle method that requires 
temperatures and estimated daytime hours (ASCE, 1990). These data were obtained from 
the Western Regional Climate Center, Deer Lodge 3W station (Western Regional 
Climate Center, 2001). 
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Surface pans 
Five pans were placed on the soil surface to collect sprinkler derived water. 
These samples were used to quantify the amount of ammonia volatilized by comparing 
the difference between the pan data and effluent samples collected from sprinkler heads 
(Sloto, 2000). The chemical analysis is the same as that described for analyzing 
ammonia in the irrigation water. 
Surface Soils 
Soil maps were reviewed and field examination of the site soils was made. A soil 
pit was excavated to describe soil horizons. Soil samples were taken and analyzed for 
physical characteristics such as saturated hydraulic conductivity, particle-size 
distribution, bulk density, and moisture characteristics using standard techniques. Falling 
head permeameter tests were used to calculate saturated hydraulic conductivity of the soil 
horizons (Fetter, 1994). Appendix C describes the methodology used to determine soil 
physical properties. Soil sampling locations at the site were selected to be aerially 
distributed in the irrigated fields to include site geomorphic variations, and to provide a 
control site. In addition, consideration was also given during sampling to the irrigation 
history of a site. These sites are shown on a schematic of the fields (Figure 5). Depths 
of samples were based on soil horizons identified, and pit excavation depth. Samples 
were hand augured at intervals: 0-4.5,4.5-9, 9-20, and greater than 20 in. (considered soil 
horizons A, B, CI, and C2). Few samples could be taken deeper than 12 in. depth as the 
auger encountered cobbles. 
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Grant-Kohrs Irrigated 
Field Instrumentation 
Figure 4. Site instrumentation. 
300 0 300 600 Meters 
A 
N 
Precipitation and ETgauge 
Multi-level wells 
Monitoring wells installed for project 
Monitoring wells previously installed 
Unsaturated zone nests 
C=3 Effluent irrigated fields 
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Chemical analyses of soil were used to determine the soil storage component of 
the nitrogen balance. For nutrients (total N, nitrate nitrogen, and ammonium) samples are 
transported to the laboratory in plastic bags and kept at 4°C. In the lab soils were 
digested by shaking with a potassium chloride (KC1) solution and filtering for nitrate and 
ammonium analysis (Keeney and Nelson, 1986). Analysis of soil solution for both 
nitrate nitrogen and ammonium was done by colorimetric method analysis (Keeney and 
Nelson, 1986) (Table 2). For total N, samples were analyzed using the CE Instruments 
Elemental Analyzer, model EA1110 CHNS-0 (EA) (manufacturer instructions). Soil 
salinity was measured from a standard soil paste taking using an conductivity meter 
(Rhoades, 1982). Appendix A provides further details about sampling and analysis 
procedures. 
Infiltration 
A tracer tests was conducted determine winter precipitation infiltration depth at 
nest B (Bnest) and a non-irrigated, control site (NMNest) (Figure 6). Rhodamene-WT 
dye was applied to the surface of the infiltration soil plots in Fall of 2000 (Figure 7). A 
pit was excavated in Spring 2001 in order to estimate the depth the dye reached for 
determining natural precipitation infiltration depths. Dye depth was mapped by visual 
detection of the dye. 
A solution containing dye and bromide (1100 mg/L) were applied to an adjacent 
undisturbed soil plot at each nest in the Spring 2001 just prior to the initiation of effluent 
irrigation (Figure 6). Sites were excavated and examined after the irrigation season to 
determine the irrigation infiltration depths and potential pathways to the groundwater. 
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Dye depths were again mapped by visual detection and bromide concentrations of the 
soil were analyzed. Details on procedures are in Appendix D. 
Soil Water 
To sample and monitor water in the unsaturated zone, four nests of suction 
lysimeters (ANest#l-3 and BNest) and tensiometers, were aerially distributed through the 
two irrigated fields, and one instrument group was installed at the non-irrigated, control 
site (NMNest) (Figure 4). Each nest contained two or three lysimeters of varying depth 
(shallow (6 in.), deep (15 in.)). Two of the nest sites were equipped with deeper 
lysimeters (30 in.) (ANest#2 and BNest). The coarse-grained nature of the soil made 
installation at depths greater than 15 in. difficult, therefore a Geoprobe was used to install 
the two 30-in. depth instruments. Tensiometers were installed at 6 in. and 12 in. at each 
site. At the same two nests containing the very deep lysimeters, two gypsum blocks 
(Delhorst Instrument Company Soil Moisture Tester - Model KS-D1) were installed at 
approximately 24 and 42 in. to monitor soil moisture at greater depths. Gypsum block 
installation also required the use of the Geoprobe. Actual depths and locations of 
instruments relative to each other within each nest were solely based upon individual site 
conditions. Appendix E gives instrument diagrams and installation procedures. 
Soil water represents a phase of transition, where components of nitrogen may be 
being used up by plant roots, undergoing transformations resulting from microbial 
activity, or being leached to groundwater. Unsaturated zone monitoring during the 
irrigation season included monthly sampling of suction lysimeters and monitoring of 
tensiometers. 
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Sampling procedures are described in Appendix E. Soil water samples were analyzed 
using water methods previously described (see Appendix A). Soil water nitrate 
concentrations were evaluated and compared with literature values to determine 
denitrification values for the nitrogen balance and nitrogen transport times through the 
vadose zone. 
Groundwater 
To characterize the hydraulic properties of the groundwater system, a network of 
wells was installed, water levels monitored, and slug tests and an aquifer test performed. 
Prior to the study in 1997,5 monitoring wells were installed on or adjacent to the park for 
the monitoring of groundwater (MW 1-5) (Figure 4) (Atlatl Inc, 2000). Well placement 
and construction allowed for a general characterization of the groundwater flow direction 
and water quality Well diagrams and well logs for these five monitoring wells are in 
Appendix D 
Two additional 2-in diameter monitoring wells were installed to compliment the 
existing network to aid in evaluating changes in groundwater quality and the position of 
the water table (GKW-10, GKW-11) (Figure 4). Monitoring well installation procedures, 
design, and well logs are found in Appendix D. 
In attempt to better define water quality changes in the immediate vicinity of the 
water table, three multiple-level wells were installed using a Geoprobe near selected 
monitoring wells (MLS 3-5) (Figure 4). Multi-level wells have three to four ports from 
which to sample groundwater at discrete intervals below the water table to determine 
vertical geochemical gradients (well design in Appendix D). 
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A Leica TC307 Total Station was used to established elevation control using 
MW-3 (Figure 4) as a local benchmark. Following installation, monitoring wells and 
piezometers were developed using standard procedures (see Appendix D). 
Water levels were monitored monthly in all wells. Global Water (WL14X 
Slimline) continuous level recorders to monitor groundwater fluctuations were installed 
at MW-3 and GKW-11 (see Appendix D). 
Slug tests were performed on four two-inch diameter monitoring wells to estimate 
aquifer hydraulic conductivity. A solid slug and electrical transducer were used to 
conduct the tests and data were analyzed using the Bouwer-Rice slug test method 
(Bouwer and Rice, 1976) as adapted into the program Aquifer Test (Waterloo 
Hydrogeologic Inc., 2001). In addition, one aquifer test was performed using one two-
inch diameter monitoring well and adjacent multi-level well to compare aquifer hydraulic 
conductivity results with those of the slug tests. The monitoring well (MW-5) was 
pumped using a gas-powered pump and the rate of decline of the water level in the 
nearby multi-level well (MLS-5) monitored. The data were analyzed using the Moench 
aquifer test method (Moench, 1993) within the same Aquifer Test program (Waterloo 
Hydrogeologic Inc., 2001). 
Monitoring wells and multi-level wells were sampled monthly during irrigation 
season (Appendix D). Sampling of groundwater was used to assess nitrogen transport 
from beneath irrigated fields and out of the study site. Analytical methods for 
groundwater samples are the same as for effluent samples previously described (see 
Appendix A). 
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Water and Nitrogen Balances 
Field instrumentation was designed to frame the development of a water balance. 
Estimations of the rate of percolation of irrigation water to the water table was examined 
by first determining if applied effluent and natural precipitation on the study site 
exceeded water uptake or loss. This was expressed in the following water balance 
equation: 
R = P + I-ET-RO+/-AS 
where: R = recharge 
P = precipitation 
I - irrigation water 
ET = evapotranspiration 
RO = run-off 
A S = change in storage, quantity of soil moisture 
Instrumentation was designed, installed, and monitored to quantify the water balance 
expressed above. Water quality sampling was combined with physical measurements to 
compute a nitrogen balance for the site. The following equation was used as the nitrogen 
balance to quantify nitrogen movement through the soil: 
L = P +1 - PU - D V - S 
where: L = nitrogen in percolate 
P = nitrogen in precipitation 
I = nitrogen in irrigation water 
PU = plant uptake of nitrogen 
DV = nitrogen lost in denitrification and volatilization 
S = nitrogen stored in the soil 
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Data for plant uptake was computed using literature values for the specific plants 
observed on the irrigated fields. 
Modeling 
Unsaturated zone models, such as VS2DT, have the ability to predict infiltration 
rates and thus leaching potential, to assess if land application of effluent can be a lasting 
prescription for nutrient reduction in surface waters, or if soil capacities will be exceeded, 
resulting in indirect discharge of nutrient pollution. Susong (1995) simulated unsaturated 
flow in a sprinkler-irrigated field and recharge to groundwater using an unsaturated zone 
flow model. An appropriate model will be applied to determine if and when groundwater 
recharge may occur with existing and proposed irrigation methods are exercised. 
The U.S. Geological Survey unsaturated flow model VS2DT (Lappala et al., 1983 
and Healy, 1990), modified in Waterloo Hydrogeologic's UnSat Suite VS2DT (WHI, 
2000), was used to simulate vertical infiltration through the unsaturated zone. VS2DT is 
a numerical 2-dimensional, finite difference model used to simulate variably-saturated 
groundwater flow and solute transport (WHI, 2000). This model was used to examine 
possible irrigation water and nitrate transport times through the vadose zone and thus aid 
in understand long-term impacts to the underlying groundwater. Soil physical and 
hydraulic properties, irrigation loading rates, potential evapotranspiration, water table 
depth, and nitrate concentrations below the root zone were used within VS2DT to extend 
26 
field efforts. The model was run several times using variable inputs to test parameter 
sensitivity. 
VS2DT is a model based upon the solution of van Genuchten's numerical 
equation for predicting unsaturated hydraulic conductivity. The van Genuchten equation 
describes the relationship between the soil moisture content and pressure head, called the 
soil moisture retention curve (Lappala et al., 1983, van Genuchten, 1980): 
0(h) = [l/l+[(-ho$B]K1/6)] (n-0r)+ 0r 
where 0 is the moisture content (dimensionless); h is the pressure head, ft;Cx is the 
scaling factor, ft"1; 6 is a fitting exponent, dimensionless; n is the porosity, dimensionless; 
and 0r is the residual moisture content, dimensionless. 
Three scenarios representing soil properties of a 5.2 ft column were used to to 
calibrate the model to the results of bromide/rhodamene tracer test at the control site. 
Scenario #1 was constructed to represent the unsaturated zone as a sand profile with the 
water table as the lower boundary (Appendix G). Scenario #2 changes the profile to sand 
and gravel (Appendix G). The profile for scenario #3 uses materials closer to the 
observed soil profile during pit excavation, an upper horizon of sand to 9 in with a lower 
horizon of sand and gravel to the water table (Appendix G). Water table depth (profile 
lower boundary) was based upon water levels in wells of the irrigated fields in June 2001. 
The models were calibrated to observed tracer movement at the control site (non-
irrigated) during May to September 2001. After running these three scenarios, the results 
of modeled solute concentrations most similar to the tracer test results was the profile 
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chosen to simulate irrigation models through. Appendix G provides model profiles and 
input parameters. 
The other models include: 
(2) Irrigation #1- An irrigation model, which simulates the infiltration of irrigation and 
summer precipitation through the 2001 year using the same parameters and 
boundaries as the scenario model. 
(3) Irrigation #2- An irrigation model simulating the current irrigation schedule and 
summer and winter precipitation. This model tests the effect of winter precipitation 
on nitrate transport. 
(4) Irrigation #3- Models two seasons of irrigation with summer precipitation. 
(5) Irrigation #4- Models ten years of irrigation. 
(6)Management #1- An irrigation management model in which timing of application is 
more frequent, though irrigation loads are the same as current loads. 
(7) Management #2- Another irrigation management model in which irrigation 
application loads were lowered by 40% over the irrigation season. 
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Chapter 3: RESULTS 
The irrigated fields are located on a river terrace, composed primarily of gravel 
and sand. Figure 8 contains a cross section using well logs for monitoring wells GKW-
10, MW-4, GKW-11, and MW-2. The total thickness of fluvial sand and gravel deposits 
was not determined. The soils are classified as Beaverell cobbly loam, Beaverell loam, 
and Cetrack loam (USDA-NRCS, 1998). According to the National Resource 
Conservation Service, Powell County Soil Survey, the soils of the irrigated fields (A and 
B, Figure 1) are classified as follows: 
Location Name Slope Taxonomy Water capacities Description 
Field A Beaverell 
Cobbly 
Loam 
4-8% Aridic 
Argiboroll, 
Loamy-skeletal 
over sandy 
Moderate 
infiltration rates, 
well drained, 
moderate 
permeability to 
16" and rapid 
below 
Deep, 
mixed 
mineralogy, 
shallow to 
gravel 
Field A Beaverell 
Loam 
0-4% Aridic 
Argiboroll, 
Loamy-skeletal 
over sandy or 
sandy-skeletal 
Same as above Deep, 
mixed 
mineralogy, 
shallow to 
gravel 
Field B Cetrack 
Loam 
0-4% Aridic 
haploboroll, 
Fine-loamy over 
sandy or sandy-
skeletal 
Same as above, 
but moderate 
permeability to 
30" and rapid 
below 
Very deep, 
mixed 
mineralogy, 
shallow to 
gravel 
Figure 8. Fence diagram using monitoring well logs. Cross section on Figure 1 Water levels from June 2001 
West GKW-10 
4493.2 
MW-4 GKW 11 MW-2 East 
4494 7 4494 2 4494.5 
Gravel 
Y Gravel 
Sandv gravel 
14.0 ft 
Siltv gravel 
Sandv gravel 
19 0ft 
1230 ft 677 ft 
5 0ft 
1 7 9 f t  
1230 ft 
$ 
30 
Figure 9. Soil profile at BNest. land surface to 26 in depth. 
•s 
if ia-
•  ̂>«. _ 
31 
In general, the unsaturated zone ranges from 3 to 15 feet thick underneath the 
irrigated fields. The soils consist of a high portion of gravel and sand, with very minor 
amounts of finer grain sizes (Figure 9). The soil was also separated into horizons with 
depth below land surface based upon field observations from several soil pits. The 
horizons are described: 
Horizon Depth Descrpiton 
A 0-4.5" Medium brown, medium sand, granular structure. 
B 4.5-9" Light brown, gravelly sand, massive structure, weakly 
developed. 
CI 9-20" Grey, dominantly coarse sand and rounded gravel, poorly 
sorted, white coating on much of the gravel. 
C2 20-??" Dark brown, dominantly rounded gravel and coarse sand, 
poorly sorted. 
The primary plants on the irrigated fields are grasses: wheatgrass, bluegrass, needle and 
thread, and sagewart (Professional Consultants Inc., 1994). 
Water Balance 
The water balance equation used to estimate recharge to the aquifer is: 
R=P + I-ET-RO + AS 
Precipitation 
The graph on Figure 10 shows monthly rainfall from May 2000 through 
September 2001 (Western Regional Climate Center, 2001). Total precipitation from June 
to August 2000 was 1.7 in during irrigation season, and for the May to September 2001 
irrigation season 6.4 in. 
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Figure 10. Inches of precipitation at GKR from May 2000 through September 2001. 
Precipitation 
Irrigation water 
Average quantity of effluent sent to the fields for irrigation was 1 million gallons 
per day for 2000 season and 1.5 million gallons per day for 2001. The 2000 irrigation 
season ran June 5-August 25, and the 2001 season occurred between May 10 and 
September 24. Water was applied to the fields by hand line sprinklers. The system on 
each land parcel consist of 40 ft hand sets with mainline risers at 60 ft spacings. 
Operation practices generally moved each lateral once daily, with an effective application 
time of 23.5 hours per setting. The north half of field-A has 18 risers, and therefore took 
18 days to cycle across the land tract, the southern half of field-A took 6 days, and field-
B 11 days. Assuming uniform application of water to the fields, and uniform temporal 
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distribution, 25.6 in of effluent was applied to the fields in 2000 and 53.8 in applied in 
2001. 
Evapotranspiration 
The graph on Figure 11 shows monthly potential evapotranspiration at the site for 
the two irrigation seasons. This water loss accounts for water lost by evaporation and 
that taken up by plants, transpiration. Total evapotranspiration between June and 
September 2000 was 14.3 in, estimated based upon the assumption ET was the same as 
that measured by the 2001 ETgauge. The same period was then assessed by applying the 
Blaney-Criddle calculation to approximately represent site evapotranspiration (Appendix 
B) (WRCC, 2001). A value of 21.6 in was obtained. The Blaney-Criddle method yields 
a fifty-percent higher ET value. From May to September 2001, evapotranspiration from 
the ET gauge was 22.8 in and 33 0 in based the Blaney-Criddle analysis, a 45% increase 
over the gauge data. 
Runoff 
Runoff is irrigation water that does not infiltrate the soil and is not consumed by 
plants. As the land surface has relatively low relief, application rates of the water were 
low and no runoff was observed, thus runoff was assumed to be negligible. 
Soil Moisture Storage 
Soil matrix potential measurements were monitored using tensiometers and 
gypsum blocks. Four days of tensiometer readings from the same nest of instruments in 
irrigated Field B illustrates the wetting and drying cycles of the irrigated soils (Figure 
12). The site had not been irrigated in previous years when the May 30,2000 
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Figure 11. Evapotranspiration estimates on effluent irrigated fields. ETgauge data for 
2000 was not collected. The 2001 data were used to represent the 2000 season. 
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measurements were collected. Data show a very negative potential, with a near surface 
gradient that would promote upward movement of soil water. The soil matrix potential 
for May 25,2001 was less negative, as sprinklers were spraying on the nest of 
instruments on May 24th and 25th. Soil moisture increased to, or near, saturation during 
this, and most application events. Six days after application, the soil is drying out, as 
shown by the May 31,2001 data. The soil matrix potential for June 27,2001 was very 
negative, indicating a very dry soil. The site had not been irrigated since May 24th and 
25th (approximately 30 days). It appears the wetting fronts from each application moved 
through the soil column, after which the soil returned to its pre-irrigation condition. 
Thus, for the water balance calculations, changes in soil moisture storage monthly during 
the irrigation season are assumed to be zero. 
Figure 12. Soil moisture at BNest before and after a sprinkling event. 
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Groundwater Recharge 
Recharge was considered the water that percolates through the unsaturated zone 
and enters the groundwater. In the water balance, cumulative evapotranspiration is 
subtracted from the sum of precipitation and irrigation components. If recharge is 
positive, then water is available to recharge the groundwater. If recharge is negative, 
then the grasses are assumed to receive insufficient water to meet use requirements, and 
evapotranspiration is greater than water availability, then no recharge would occur. 
Monthly water balances for the two irrigation seasons computed positive values 
for recharge, this indicates that excess water is available for movement through the 
unsaturated zone to groundwater in both years (Table 3, Figure 13). Estimated water 
available for recharge to the underlying groundwater in 2000 was 5.6 to 13 in. Recharge 
for 2001 season was 14 to 21 in. 
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Table 3. Monthly estimates of water balance components. 
Month Precip. 
(in) 
Irrigation 
(in) 
ET 
measured 
on 
ETgauge(in 
) 
ET 
calculated 
with 
Blaney-
Criddle 
Recharge 
calculated 
with 
ETgauge 
data (in) 
+/-31% 
Recharge 
calculated 
with 
Blaney-
Criddle 
values 
(in) 
+/- 31% 
Jun-
2000 
0.45 8.1 4.5 6.8 4.0 1.7 
Jul-
2000 
0.65 97 5.4 7.7 5.0' 2.7 
Aug-
2000 
0.60 7.8 4.4 7.1 4.0 1.2 
May-
2001 
0.74 74 3 1 5.9 3.2 0.42 
Jun-
2001 
2.25 12.3 5.2 6.8 6.4 4.7 
Jul-
2001 
2.79 12.8 5.4 7.1 4.1 4.8 
Aug-
2001 
0.25 12.8 54 7.1 4.6 2.8 
Sept-
2001 
0.33 8.6 3.7 5.5 3 1 1.3 
Figure 13. Water balance components 
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Water Balance Error Analysis 
An important aspect of a water balance is understanding the error each component 
adds to the equation. Although a tipping bucket rain gauge was installed in the fields, 
months in which the rain gauge data disagreed with data from the Western Regional 
Climate Center Deer Lodge station (usually less rainfall recorded), the climate center's 
data were used because no calibration was done on the tipping bucket and its electronic 
recorder to ensure its accuracy. Winter (1981) reported that an error of 5-15% can be 
expected for long term precipitation data, depending upon wind patterns. The irrigated 
fields are located on a river terrace, with little to no shelter from wind by trees. 
Therefore, wind could introduce error to precipitation measurements. A 10% error was 
used in error analysis for the precipitation component (Table 4). 
Similar to precipitation, wind could effect amount of sprayed effluent that 
discharges to the soil surface in the irrigated fields. Hydraulic loading estimates were 
estimated based upon sprinkler head flow rate. Both the estimate of wastewater volume 
going to the fields and effects of wind on the sprayed effluent will introduce error. 
Therefore, a 15% error was used for irrigation loading values (Table 4). 
Evapotranspiration calculations can have significant error. Using the Blaney-
Criddle procedure, an empirical temperature-based method requires only mean monthly 
temperatures and an estimate of the monthly percentage of annual daytime hours (ASCE, 
1990). The method was suggested for areas where available climatic data include 
measured air temperature and sunshine, cloudiness or radiation, but no measured wind 
speed and air humidity. Wind can have a significant effect on ET values and to achieve 
satisfactory results, local calibration of the wind function is required. The Etgauge 
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instrument is subjected to on site wind, and therefore wind has been accounted for in 
collected data from ETgauge instrument. Error was estimated to be 25% for the 
evapotranspiration component (Table 4). 
The determination of recharge to groundwater from a difference in water balance 
components results in the accumulation of error from the other components (Table 4). 
Propogated error calculated for the recharge used this formula: (precip%error)2 + 
(irrigation%error)2 + (ET%error)2 = (recharge%error)2 (Wolfs, 2001). Therefore, 
recharge error is +/-31%. 
Table 4 Error estimates for water balance components. 
Water Balance Component Error 
Precipitation 10% 
Irrigation Loading 15% 
Evapotranspiration 25% 
Recharge 31% 
Nitrogen Balance 
The following sections present the physical and chemical properties used to 
compute the nitrogen balance. 
Sewage Effluent 
Data for selected constituents of sewage effluent chemistry are presented in Table 
5. An expanded list of chemistry is given in Appendix A. Sprinkler samples were taken 
directly out of the sprinkler, the inflow sample was taken before ultra-violet secondary 
treatment of the effluent, and outflow was sampled after UV treatment. Samples taken at 
the sewage treatment plant are very similar to samples taken from sprinkler heads. 
Nitrate nitrogen values in the effluent are minor, while the total N value from one date is 
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elevated in the treated sewage effluent (8/13/01). Upon every date sampled, the 
effluent had at least 100 mpn/lOOml total coliform detected, but on only one date were 
fecal coliform found. The mean total coliform in the effluent was 786 mpn/100ml. 
The chemistry of the applied sewage effluent collected in pans on the surface of 
the soil is very similar to the effluent from the sprinkler (Table 6). The mean total 
coliform of the surface pans is higher than the effluent sampled directly from the 
sprinkler, at 1300 mpn/lOOml. The mean concentration of ammonia at the sprinkler head 
is 4.23 mg/L, which is 52% higher than the concentration of ammonia from the surface 
pans. This difference are believed to represent the amount of volatilization taking place. 
Table 5. Effluent chemistry 
Sample 
Name 
Date Coliform cr NOa'-N NOs-N NH3-N Total 
N 
P043'-
P 
so4" 
pql (ppm) 1 
mpn/100m 
I 
1.0 
mg/L 
0.05 
mg/L 
0.1 
mg/L 
0.5 
mg/L 
0.5 
mg/L 
0.05 
mg/L 
6.0 
mg/L 
INFLOW 
(before UV 
treatment) 
7/19/00 575 23.6 NA <pql NA NA NA 45.9 
OUTFLOW 
(after UV 
treatment) 
7/19/00 575 23.7 NA <pqi NA NA NA 45.6 
SPRINKLER 7/20/00 600 22.9 NA <pqi NA NA NA 45.8 
SPRINKLER 6/2/01 NA 28.3 <pql 0.290 5.72 NA <pqi 44.2 
SPRINKLER 6/27/01 NA 21 7 0.09 <pq! 4.34 NA 0.641 45.7 
SPRINKLER 7/11/01 <1986, 6* 21.9 <pql <pql 3.58 NA 0.535 46.9 
SPRINKLER 8/13/01 192 22.4 cpql 0.132 3.29 6.10 0.665 45.8 
pql = probable quantitative limit 
P/A- EC- = not contaminated with coliform or fecal coliform 
P/A+ EC- = contaminated with coliform, fecal coliform absent 
#MPN/100ML = # coliform bacteria colonies per 100ML 
*fecai 
NA = not analyzed 
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Table 6. Effluent chemistry collected in pans on the soil surface. 
Sample Name Date Coliform cr N02'-N NOs'-N NHrN Total 
N 
p<V-
p 
S04z" 
dl/pql (ppm) 1 
mpn/100 
ml 
1.0 0.05 0.1 0.5 0.5 0.05 6.0 
Surface pan #1 8/13/01 P/A+EC+ 24.04 <PQL <PQL 2.49 9.20 0.75 47.60 
Surface pan #2 8/13/01 100 24.08 <PQL <PQL 3.20 6.60 1.02 47.18 
Surface pan #3 8/13/01 NA 24.33 <PQL 0.05 1.96 NA 0.54 47.47 
Surface pan #4 8/13/01 NA 24.35 <PQL <PQL 2.30 NA 0.63 47.60 
Surface pan #5 8/13/01 NA 24.99 <PQL <PQL 2.11 NA 0.66 49.66 
Surface pan #6 8/9/01 NA 25.19 <PQL <PQL 2.48 NA 0.75 50.83 
Surface pan #1 7/11/01 NA 22.28 <PQL <PQL 3.16 NA 0.54 48.15 
Surface pan #2 7/11/01 NA 21.89 <PQL <PQL 3.33 NA 0.54 47.48 
Surface pan #3 7/11/01 NA 21 72 <PQL 0.05 3.32 NA 0.58 48.35 
Surface pan #4 7/11/01 NA 22.05 0.06 <PQL 3.14 NA 0.60 48.34 
Surface pan #5 7/11/01 <2500, 
34* 
22.21 0.06 <PQL 3.20 NA 0.53 47.91 
NA = not analyzed 
*fecal 
Precipitation 
During the 2000 and 2001 irrigation seasons, 10.5 and 39.0 kg nitrate-N were 
added to the irrigated fields through concentrations in precipitation. This is a result of 1.7 
and 6.4 in of precipitation falling between June and August of2000 and May and 
September of 2001, respectively, with a mean value of nitrate nitrogen in rainfall 
(0.505mg/L) obtained from samples collected from the precipitation gauge in 2001 (see 
Appendix A). Pruitt et al. (1998) found nitrate plus nitrite concentrations in precipitation 
to be 0.62 mg/L on average. It is important to note that rainfall was sampled between one 
and two days after the rainfall event occurred. Precipitation samples for 2000 were not 
collected, nitrate-n concentrations were assumed to be the same values as measured in 
2001. 
42 
Surface Soils 
Soil Physical Properties 
Results of field and laboratory tests to characterize the soil physical properties are 
summarized in Table 7. Addition details of soil physical properties are in Appendix C. 
Table 7 Soil Physical Properties 
Thickness (ft) 3 to 15 
Bulk density (g/cm3) 1.51 
Porosity 0.25 to 0.57 
Avg Porosity 0.43 
A Horizon Averages 
% Gravel — 
% Sand 96.1 
% Silt 2.3 
% Clay 1.6 
B Horizon Averages 
% Gravel 44.6 
% Sand 52.3 
% Silt 1.8 
% Clay 1.3 
C Horizon Averages 
% Gravel 63.5 
% Sand 35.2 
% Silt 0.7 
% Clay 0.4 
Soil Chemical Properties 
Soil sampling included samples taken from the control site (non-irrigated) and 
irrigated fields. Irrigated soils are significantly higher in total N in A and B horizons 
(shallower depths) (Figure 14). The irrigated fields had 10% more total N than the 
control site soils (averaged). Irrigated soils consistently have significantly higher nitrate 
nitrogen concentrations than non-irrigated soils (Figure 15, averaged values). Nitrate in 
the irrigated fields was 165% higher than control site soils. Ammonium analysis resulted 
in errors up to 75%, therefore results are not discussed. All soil chemistry results are 
given in Appendix A, along with error analysis. 
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Results of soil salinity measurements taken on the surface soils of both the 
control site and irrigated fields after the second irrigation season show low electrical 
conductivity values (Table 8). Soils are considered saline at greater than 4 mmhos/cm 
(Dahnke and Whitney, 1988). All sites have low electrical conductivities, correlating to 
non-saline soils. Further salinity data are in Appendix C. 
Table 8. Surface soil salinity, samples taken in October 2001. 
Site 
B field 
Afield (north) 
A field (south) 
NMNest (control site) 
Elecctrical 
Conductivity 
(mS/cm) 
0.1555 
0.2120 
0.1785 
0.2930 
Electrical 
conductivity 
(mmho/cm) 
0.0016 
0.0021 
0.0018 
0.0029 
Degree of 
salinity* 
Non-saline 
Non-saline 
Non-saline 
Non-saline 
*From Dahnke and Whitney, 1988 
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Figure 14. Measured Total nitrogen in soils with error bars. 
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Figure 15 Measured nitrate nitrogen and associated error in soils. 
Infiltration of Tracer 
Pre-Irrigation Natural Infiltration 
In May 2001 before the initiation of irrigation, a soil pit was excavated, 2 ft by 3 
ft and 26 in deep at both sites of dye application (BNest - irrigated and NMNest - control 
site, created in October 2000). Rhodamene-WT dye is a bright pink, relatively 
conservative tracer, identifiable by its color. Two pathways of tracer solution flow in the 
soil were observed, flow along roots and flow within the soil matrix. Depths of dye 
infiltration from the land surface were determined visually and measured with a tape. At 
BNest flow along the roots, depths ranged from 4-9 in, while within the soil matrix the 
depths ranged from 0.75-8 in (Table 9, Figure 9). At NMNest, depths of dye observed 
along the roots ranged from 7-9.25 in and within the soil matrix ranged from 1.5-7 in 
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Table 9 May 2001 dye tracer results. 
Site Mean dye depth along roots 
(in) 
Mean dye depth in soil 
matrix (in) 
BNest 6.4 3.5 
NMNest 8.4 3.5 
Both sites 7.4 3.5 
(Table 9) (measurements shown in Appendix E). These depths at both sites represent the 
extent to which water infiltrates under natural conditions. Precipitation during this period 
(end of October to end of April) was approximately 1.73 in. 
Infiltration During 2001 Irrigation Season 
To look at the depth of infiltration under irrigated conditions, a second tracer test 
was initiated at the control and irrigated sites during the 2001 irrigation season. Tracers 
included Rhodamene-WT dye and bromide (1100 mg/L). The same volume of bromide 
and dye were applied to both sites (approximately 5 L). In October 2001, after irrigation 
had ended, soil pits, 2 ft by 2 ft and 25 in deep, were constructed at both of the sites. No 
dye was observed at the surface or along root paths or within the soil matrix at either site. 
Analysis of soil extracts for bromide found no detectable bromide (1.0 mg/L) at BNest, 
the irrigated site (Figure 6). The non-irrigated site, NMNest, showed highest 
concentrations of bromide at shallow depths (Figure 16). The non-irrigated site bromide 
tracer indicates infiltration to about 20 in. This depth at NMNest represents the depth 
water infiltrates under natural conditions. Precipitation during this 2001 irrigation season 
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(end of April to mid October) was approximately 6.02 in. At BNest, where neither dye 
nor bromide were detected, application of 54 in of irrigation water resulted in the 
movement of the applied tracer below the excavation depth (25 in). Apparently, 
sufficient water flushed through the soil zone to reduce tracer concentration to below 
detection. 
Soil Water 
Soil Hydraulic Properties 
Soil hydraulic properties were either characterized using standard methods, or 
were estimated based upon literature data. These data were used as inputs to the 
unsaturated model discussed in Appendix G (Table 10). 
NMNest Infiltration 
Bromide (mg/kg soil) 
0.5 1 1.5 2 2.5 
O 30 
1 
I 1 
Figure 16. Concentrations of applied bromide, as tracer, in soils. 
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Table 10. Soil Hydraulic Properties 
Residual volumetric moisture content 0.02 to 0.03 
Specific storage 1*10-7 
Matric Potential (-cbars) 0 to 120 
Saturated hydraulic conductivity (ft/d) 0.07 to 402 
van Genuchten's alph (ft) -0.15 to-0.66 
van Genuchten's beta 1.7 to 5.0 
Saturated hydraulic conductivity of the unsaturated zone material was estimated 
using two methods. Falling head permeameter analyses were performed on disturbed 
samples of each the horizons identified in the field (Fetter, 1994) (Table 11). In addition, 
saturated hydraulic conductivity was estimated using grain size analysis by the Fair-
Hatch method in Todd (1959) (Table 11) (Appendix C). 
Table 11. Saturated hydraulic conductivity estimates for the soil horizons. 
S o i l  H o r i z o n :  A B C  
Ks(ft/d) Ks(ft/d) Ks(ft/d) 
Fair-Hatch Equation 165 
36.6 
3.93 
AVG 68.6 
136 
6.97 
71.6 
72.3 
397 
235 
Permeameter Tests 6.48 
5.98 
AVG 6.23 
12.7 
402 
7.38 
141 
76.8 
72.4 
0.07 
49.8 
Soil pore water flow 
Tensiometer readings from both 2000 and 2001 generally indicated more negative 
matrix potentials in at the shallow measuring depths (6 in below land surface) (Figure 17, 
See Appendix E for additional plots). Movement of soil water appears to be toward the 
land surface. However, in contrast, at times measurements at shallow depths were 
approximately equal to potentials at deeper intervals (Figure 17). These dates correspond 
to periods when soils were directly irrigated or impacted by a recent precipitation event. 
For example, BNest had been directly sprinkled upon on 7/18/00, and on 7/20/00, soil 
water potentials for six and twelve inch depths are both high and almost equal (Figure 
17). Using the gypsum block data to monitor matrix potentials at greater depth (26 and 
42 in), soils at depth maintain higher moisture content at 2 and 3.5 ft (Figure 17). The 
two-foot gypsum block more often showed slightly drier conditions than the deepest 
block. This points to potential upward soil water flow in the upper 12-20 in of soil, and 
downward flow below this boundary during periods between irrigation events. 
Figure 17. Soil moisture at one nest over time [7/17/01 26in gypsum block reading not 
included because the value is an order of magnitude higher than displayed values and 
therefore a statistical outlier]. 
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Soil water chemistry 
Due to small amounts of soil water in lysimeters, few measurements of pE and 
conductivity were obtained for soil water (Appendix E). Mean pH and conductivity 
values for soil water in irrigated fields are 7.66 and 1.296 mS/cm, respectively, based on 
six analyses. Soil water is slightly alkaline. The soil water pH is only slightly higher 
than the effluent pH (7.24), but the conductivity is considerably higher than the effluent 
(0.621 mS/cm). 
Plots of nitrate-N concentrations in soil water with depth below land surface at 
one nest, BNest, are shown in Figure 18 (See Appendix E for further soil water 
chemistry). In the same figure, mean nitrate-N in the sewage effluent applied to soils is 
shown. The concentration in the effluent is close to detection limit. The concentration in 
soil water at shallowest depths (6-15 in) is also below detection limit. At the deepest 
lysimeter depth (30 in), nitrate concentrations in the soil water are elevated, ranging from 
0.81 to 5.05 mg/L. Samples for soil water and effluent total N was taken on only one 
date, and therefore is only a snapshot in time (Figure 19). At zero depth in Figure 19 the 
mean concentration in the sewage effluent is taken from the sprinkler and surface pans. 
Total N decreases at shallow soil depths from effluent concentrations, and increases to 
almost effluent concentrations in deep lysimeters. 
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Figure 18. Nitrate nitrogen in effluent and soil water. 
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Figure 19. Total nitrogen in effluent and soil water. 
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Groundwater 
Hydraulic conductivity values for the shallow unconfined aquifer range from 10 
to 110 ft per day (Table 12). The mean hydraulic conductivity of the aquifer under and 
adjacent to the irrigated fields is 44 fit/day. This value appears low, given the coarse-
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grained materials of this river terraced environment. Although, a USGS water supply 
paper estimates the conductivity of the aquifer to be 66.8 ft/day (USGS, 1862). 
The results of hourly water level variation at wells MW-3 and GKW-11 show a 
gradual decline in the water table during the summer 2000 season (Figure 20 and 21, 
Appendix D). A significant rise is observed in early September and continues through 
mid-October when the water table then declined. Total year-round fluctuation in the 
water table was only 3.5 ft in MW-3. Shallowest water table elevations occurred in late 
June to early July for both years in all wells (Appendix D). There is an irrigation ditch 
running within 50 ft of this monitoring well. The ditch contains water May through 
October most years. No water is drawn from the ditch for irrigation of fields A and B. 
The water table ranges from 3 to 15 ft below the land surface under effluent irrigated 
fields. The arrows on the potentiometric map from June 2001 represent the flow path of 
groundwater, north-west, across the fields (Figure 22). 
Table 12. Hydraulic conductivity estimates of the aquifer from slug and aquifer tests. 
Well I.D. Range in hydraulic Mean Hydraulic 
conductivities (ft/d) Conductivity (ft/d) 
MW-l 9.9-11.2 11 
MW-2 17.7-68.6 35 
MW-4 23.6-41.2 31 
MW-5 15.1-43.9 31 
MW-5/MLS-5 
Aquifer Test 
110 110 
Figure 20. Water table fluctuation in well MW-3. 
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Figure 21. Water table fluctuation in well GKW-11. 
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Figure 22. Potentiometric map of site for June 2001. 
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Mean pH of groundwater from all wells (61 samples) is 7.43 and mean specific 
conductance is 0.650 mS/cm (Appendix A). 
Monitoring wells are organized by location for reporting chemistry of 
groundwater (Figure 4). Three groups were chosen, wells representing background 
groundwater chemistry (MW-1 and MW-2), wells located in the irrigated fields (GKW-
11, MLS-3, MW-3), and wells considered downgradient of the sewage irrigated fields 
(MW-4, MLS-4, MW-5, MLS-5, and GKW-10) (Figure 23). From background 
groundwater to downgradient groundwater, pH values remain stable and total coliform 
counts increase under fields and downgradient counts are higher still (Table 13). 
Average nitrate nitrogen concentrations in wells under irrigated fields are lower than 
average background, and downgradient concentrations of nitrate are lower than wells 
under the fields (Table 13, Figure 24). There is a very slight increase in averaged total N 
concentrations in wells under the fields, but downgradient groundwater is lower in 
concentration than background (Table 13). 
Chloride serves as an excellent analyte to monitor, as it is acts as a conservative 
tracer of the movement of wastewater (Allison et al., 1994). Chloride is stable, soluble, 
and readily transported to groundwater. Average concentrations of chloride in 
groundwater under the fields is higher than the average concentration of chloride in 
background wells by about 18% (Table 13, Figure 25). The highest concentrations of 
chloride in groundwater beneath irrigated fields occurs during irrigation season (Figure 
25). 
Nitrate-N concentrations in groundwater beneath irrigated fields is higher than 
background during the first irrigation season (Figure 26). This would indicate irrigation 
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is increasing groundwater nitrate concentrations. However, during the second season, 
background concentrations of nitrate are higher (Figure 26). Therefore, the increased 
nitrate concentrations seen under the fields during the second irrigation season cannot be 
attributed to effects from irrigation. 
Total coliform bacteria were detected on only one date for one of the background 
wells during all sampling (Appendix A). In groundwater beneath the fields, total 
coliform was found on several occasions, though no fecal coliform was ever reported. 
Coliform values in groundwater beneath the fields ranged from 1 to 40 col/100 ml. 
While coliform bacteria in groundwater ranged from 1 to >2500 col/100 ml in wells 
beyond the irrigated fields (Figure 27). 
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Figure 23. Well locations relative to the irrigated fields. 
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Figure 24. Nitrate nitrogen in groundwater by well location. 
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Table 13. Background Weils Wells Under Fields Wells Beyond fields PQL 
Coliform (#mpn/100ml) 1.8 7.2 85 1 
PH 7.43 748  7.28 — 
CI" (ppm) 13.6 16.1 13.2 1.0 
N02"-N (ppm) <PQL <PQL <PQL 0.05 
N03'-N (ppm) 1.38 0.667 0.164 0.10 
NH3(ppm) <PQL <PQL <PQL 0.50 
Total N (ppm) 1 40 1.60 0.600 0.50 
P04J" (ppm) <PQL 0.055 <PQL 0.05 
SO/" (ppm) 46.0 73.6 52.0 6.0 
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Figure 25. Chloride concentrations in groundwater under 
irrigated fields and background. 
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Figure 26. Nitrate nitrogen concentrations in background wells and wells located beneath irrigated fields. 
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Figure 27. Total coliform found in groundwater based on well location. 
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Nitrogen Balance 
Grazing cattle (from 15-40 head including calves rotating between fields) most 
likely contribute some nitrogen to the system. However, the relative amount of additional 
nitrogen was considered insignificant and was not included in the nitrogen balance. 
Inputs of nitrogen to the fields include nitrogen in precipitation and in applied effluent. 
Outputs include nitrogen taken up by plants, lost through denitrification or volatilization, 
and that leaving the system through leaching (Table 14). The EPA Process Design 
Manual for land treatment of wastewater suggests 200 to 300 kg/ha/yr nitrogen uptake for 
orchardgrass. The Agricultural Waste Management Field Handbook uses 202 kg/ha/yr 
nitrogen uptake for orchardgrass. For middle ground, this study used 250 kg/ha/yr and 
considered 80 percent of the fields to be covered with grass. Monthly values were made 
proportional to monthly evapotranspiratioa The component of nitrogen that is adsorbed 
onto soil aggregates is considered nitrogen storage. This study is concerned with 
groundwater resources, and therefore focused on quantifying the leaching component. 
The nitrogen leached through the system in Table 14 was then calculated as the amount 
of nitrogen not taken up or lost during reactions in the soil. The table of results illustrates 
that plant demand for nitrogen well exceeds nitrogen applied by effluent irrigation. 
A second, alternative way to quantify the amount of nitrogen leached to 
groundwater is to calculate it using the previously discussed water balance. Table 16 
gives calculated recharge in the water balance, and resulting nitrogen quantity, assuming 
the mean concentration of total N in soil water at the deepest lysimeters (5.5 mg total 
N/L) is the same concentration of nitrogen entering the groundwater. Using this method 
and the ET gauge, leached nitrogen would range between 28% and 40% of applied 
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nitrogen (Figure 30). Using this method and the Blaney-Criddle procedure, between 
4% and 30% of applied nitrogen would leach through to groundwater. 
Nitrogen Balance Error Analysis 
Error analysis is important for any budgeting or balancing done in the scientific 
study. Similar to the error estimates for the water balance previously discussed, each 
component of the nitrogen balance introduce error to the overall calculation of nitrogen 
leached to groundwater. Precipitation and irrigation loading error will remain the same 
as with the water balance error analysis, 10% and 15% errors. Error associated with the 
plant uptake component of the nitrogen balance is composed of several elements which 
will increase the error. The amount of nitrogen plant uptake was estimated based upon 
orchardgrass nitrogen uptake. The primary grasses on the irrigated fields are wheatgrass, 
bluegrass, needle and thread, and sagewart (Professional Consultants Inc., 1994). 
Therefore there is some error involved in the rate of nitrogen uptake between species of 
plants used. 
Nitrogen uptake is based upon constant supply of nitrogen, under similar daily 
conditions, unlike conditions in these fields, which become saturated upon 23 hours 
of sprinkling but are very dry normally and for periods between sprinkling rounds. Error 
introduced by plant uptake of nitrogen will be 20%. Another difficult component to 
quantify is the amount of nitrogen lost through denitrification and volatilization. Using 
surface pan data, volatilization was 52%, however this is an obvious overestimation as 
the EPA guidance manual for land treatment of wastewater estimates 15-25% of applied 
nitrogen for both volatilization and denitrification. Therefore the middle range of the 
EPA guidelines were used. Error in the plant uptake component of the nitrogen balance 
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is based upon the lack of data collected regarding site grasses nitrogen synthesis, and 
therefore will be 20%. The storage component was computed as the difference between 
total N accumulation in the irrigated soils and that in non-irrigated soils. Therefore the 
error must include both analyses and sampling errors. To calculate storage, the volume 
of soil storing nitrogen had to estimated, which presents the largest portion of error, as 
this volume could possibly be much greater by merely increasing the depth of soil that 
stores nitrogen by an inch or two. Laboratory analysis has a 7% error, therefore error 
from the storage component will be estimated at 25%. The leached component was 
calculated based upon the other components of the nitrogen balance, therefore error 
assigned to the leaching component will be based upon the error assigned to the previous 
components (Table 16). The equation used is: (precip%error)2 + (irrigload%error) 2 + 
(plant%error)z + (denit/vol%error)2 + (storage%error)2 = (leached%error)2 (Wolfs, 
2001). Therefore, error in the amount of nitrogen leached to groundwater is 42%, using 
the first nitrogen balance method from Table 14 (Figure 28). Using the second method, 
from Table 16, the error for the amount of nitrogen leached to groundwater would be 
equal to the error in recharge from the water balance, 31% (Table 4). 
Table 14. Nitrogen balance using nitrogen components. 
Inputs Outputs 
Precip Precip (kg N03- HLR (in) Effluent (kg N) Plant Uptake Denit. & Storage (kg Leached (kg % N 
(in) -N) (kg N) Vol.(kg N) N) N) Leached 
Jun-00 0.47 2.88 8.10 687.73 1739.15 137.55 143.84 -1329.93 0 
Jul-00 0.65 3.98 9.70 823.58 2004.44 164.72 178.36 -1519.96 0 
Aug-00 0.60 3.68 7.80 662.26 2092.87 132.45 143.84 -1703.24 0 
May-01 0.74 4.53 7.40 628.29 1739.15 125.66 120.83 -1352.81 0 
Jun-01 2.25 13.78 12.30 1044.33 2004.44 208.87 172.61 -1327.81 0 
Jul-01 2.79 17.09 12.80 1086.78 2092.87 217.36 178.36 -1384.72 0 
Aug-01 0.25 1.53 12.80 1086.78 2092.87 217.36 178.36 -1400.28 0 
Sep-01 0.33 2.02 8.60 730.18 1621.24 146.04 138.09 -1173.16 0 
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Figure 28. Averaged monthly N balance components with error estimates. 
fable 15. Error estimates for nitrogen balance components 
Nitrogen Balance Component Error 
Precipitation 10% 
Irrigation Loading 15% 
Plant Uptake 20% 
Denitrification and volatilization 20% 
Storage 25% 
Leached to groundwater 42% 
'able 16, Nitrogen balance using water balance components. 
Month Recharge calculated with 
ETgauge (in) 
Recharge (kg N) % Leached 
JUn-00 4.05 270.18 39.29% 
Jul-00 4.95 330.22 40.10% 
Aug-00 4.00 266.84 40.29% 
May-01 3.24 216.14 34.40% 
Jun-01 6.35 423.61 40.56% 
Jul-01 4.10 273.51 25.17% 
Aug-01 4.60 306.87 28.24% 
Sep-01 3.10 206.80 28.32% 
Month Recharge calculated with 
Blaney-Criddle (in) 
Recharge (kg N) % Leached 
JUn-00 1.70 113.41 16.49% 
Jul-00 2.70 180.12 21.87% 
AUg-00 1.20 80.05 12.09% 
May-01 0.42 28.02 4.46% 
JuH-01 4.70 313.54 30.02% 
Jul-01 4.80 320.21 29.46% 
Aug-01 2.80 186.79 17.19% 
S6p-01 1.30 86.72 11.88% 
N: 
Figure 29. Nitrogen Cycle in the Soil 
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Model Calibration 
Appendix G provides graphs of moisture content curves and solute concentration 
curves and a table of flow and solute balance for model scenarios #1-3. These scenarios 
were constructed to calibrate the model to bromide tracer test results from the control site 
(Figure 16). Soil columns (scenarios 1,2 and 3) received only natural precipitation over 
the 153 days of summer irrigation season (May 1-September 30). The bromide migration 
modeled in the soil column represented by scenario #1 was the most similar to the field 
observations (Figure 30). Therefore, the profile property values used in Scenario #1 were 
used to examine the irrigation effects and irrigation management models used to suggest 
groundwater consequences of the short and long-term application of sewage effluent to 
GKR fields. 
In Scenario #1 under no irrigation, model results show very little flux of moisture 
or solute out of the profile's lower boundary (representing the water table) (Table 17, 
Appendix G). This, along with the solute curve in Figure 30, indicate very little if any 
moisture or solute was transported to the water table. Moisture content of the soils was 
low, even after a precipitation event (Figure 31). Evapotranspiration played a large effect 
on the upper 1.25 ft of the unsaturated flow (Figure 31). The higher moisture content 
above the water table represents the presence of a capillaiy fringe (Figure 31). The 
model shows a flux of water into the profile from this boundary. The quantity of flux 
appears to be larger when no flux is added to the upper boundary (precipitation or 
irrigation) and reduces to nonexistence when irrigation water is added during the 
irrigation season. 
Table 17. Flux into and out of the upper and lower boundaries of modelled scenario #1 
Days of the Year: Flux in through upper 
boundary (land 
surface) (cm3) 
Flux out through lower 
boundary (water table) 
(cm3) 
120 Days (start of irrigation 
season-May 1) 
0 0 
273 Days (end of irrigation 
season - September 30) 
16.1 2.61 
365 Days 16.1 2.61 
Four models were run to simulate effluent irrigation practices: one was run for 
one year using current irrigation practices and summer precipitation and assumes no 
additional precipitation for the remainder of the year; the second was run using an 
irrigation period and simulated year round precipitation. This second model was run to 
consider winter precipitation effects on infiltration and solute transport. It was found that 
both the flux of water and the transport of solute through the lower boundary (water 
table) was very similar when applying winter precipitation to when it was not applied 
(Appendix G). Therefore, for the remaining models, winter precipitation was not applied 
to the profile. A third irrigation model represented two years of irrigation and irrigation 
season precipitation in an attempt to simulate the effect of both the 2000 and 2001 
irrigation seasons. The fourth irrigation model projects ten years of irrigating under 
current practices. All input parameters and result graphs and tables are in Appendix G. 
Under each irrigation model, whether for one year or ten years, the movement of 
irrigation water and the transport of a solute such as nitrate appear nearly the same for 
each irrigation season. The monthly saturation curves from January through May before 
irrigation begins appear identical. After an irrigation event, vadose soils are saturated to 
65% down to the water table, and the profile dries up quickly after an irrigation event to 
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pre-irrigation soil moisture content (approximately 30%, though difficult to see where 
the capillary fringe ends) (Figure 32). 
To represent the transport of nitrate in the irrigation and management model 
profiles, a solute concentration of 2.7 mg/L was applied to the irrigation flux with no 
adsorption (acted conservatively). This value represents the average measured nitrate 
concentration in soil water below the root zone. Effluent nitrate concentrations are too 
low to accurately represent the amount of nitrate in the profile, and the model cannot 
account for the transformation of other nitrogen components to nitrate. Using effluent 
total N concentrations would also be an inaccurate representation of the profile, because 
an isotherm will not account for microbial transformations that are occurring in this 
aerobic soil. Nitrate below the root zone is mostly conservative, therefore no isotherm 
was chosen to represent solute adsorption. As well, the model does not allow for 
application of solute in the middle of the profile. After each irrigation event (days 215 
and 246 of Figure 33), nitrate concentrations moving across the lower boundary (water 
table) are between 1 and 2.4 mg/L (Figure 33). Nitrate does appear to build up in the 
profile over one irrigation season, as nitrate concentrations entering the water table after 
the first application in May are 0.8 mg/L and after the September application are 2.3 
mg/L. It takes approximately 357 days after the September irrigation event to obtain 
concentrations of nitrate below detection in the profile (Figure 34). However, nitrate 
concentration decreases between irrigation events and by the end of the year (Dec., day 
365 in Figure 33) the concentration of nitrate moving into the water table is down to 
approximately 0.3 mg/L. After nine years of irrigating under current conditions, overall 
nitrate does not appear to be building up in the profile according to model predictions. At 
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the end of each year (December 31st), concentrations of nitrate moving into the water 
table are below 0.5 mg/L after one year and after nine years (Figure 35). 
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Figure 30. Scenario #1 solute concentration curve for the control site after 153 days, 
corresponding to the length of the irrigation period for 2001. 
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Figure 31. Scenario #1 moisture content curve. 
Scenario-1 Moisture Content Cutve 
o 
Irrigation 
event 
O 
Before irrigation *V 
event and 68 days after 
0:23 
Value (VO1/VQ1) 
0:13 0.33 
-fH - Moisture Content-7.300 clays 
—Moisture Ccntent-120 .000 dsys 
Moisture Content-198.000 days 
Moisture Content-273.000 days 
—Moisture Content-365.000 days 
—Moisture Content-204.400 days 
73 
Figure 32. Irrigation saturation curve. Day 215 is after the August irrigation event. 
Example of vadose soils being saturated during an irrigation event. 
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Figure 33. Irrigation model showing solute curve during the first irrigation season. Days 
215 and 246 are immediately after irrigation applications for August and September. 
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Figure 34. Irrigation nitrate curve after 630 days. This is 357 days after the last 
irrigation event (September). 
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Figure 35. Irrigation model after ten years. Each curve is the nitrate concentration in the 
profile at the end of each year (Dec. 31). 
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Chapter 4: DISCUSSION 
General comparison of 2000 and 2001 field seasons 
Both field seasons represented drought conditions. Precipitation in the form of 
snow pack and rainfall was well below normal (average precipitation during irrigation 
season is 7.4 in, 2000 irrigation season precipitation was 1.7 in and 2001 irrigation season 
precipitation was 6.4in). Soil matrix potential in July 2001 was more negative (lower soil 
moisture content) than in the previous field season (Appendix E). Groundwater levels 
were higher during the 2001 season by one to two feet, as shown in the hydrograph in 
Figure 22. 
Water Balance 
Estimated groundwater recharge for the irrigated fields in 2000 was 13 and 5.6 in 
(+/-31%) depending on the evapotranspiration value applied. Recharge for 2001 season 
was 21 and 14 in (+/-31%). Using ETgauge estimations, recharge accounts for more than 
half of the sum of precipitation and irrigation, assuming the net seasonal change in soil 
moisture is zero and runoff is zero. Under the same assumptions, using Blaney-Criddle 
estimations, recharge to groundwater is only about 25 percent of the applied water, while 
evapotranspiration accounts for the other 75 percent of the applied water leaving the 
unsaturated zone. Susong (1995) found approximately 10-13 percent of sprinkler 
irrigation water recharged groundwater and almost 90 percent of applied irrigation water 
was evapotranspired (alfalfa crop). 
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The positive values for estimated recharge indicate that sufficient moisture is 
available to the plants and there is excess moisture available for movement through the 
unsaturated zone to groundwater. 
Nitrogen Balance 
Surface Soils 
The irrigated field soils have 165% higher nitrate-N and 10% higher total nitrogen 
than control site soils after two irrigation seasons. Other than effluent application, there 
are no other obvious sources that would account for the difference between measured 
concentration at the control site and within the irrigated fields. 
Surface soils on the irrigated fields are currently non-saline. Possibly the natural 
build-up of salts are being flushed downward by the percolating irrigation water so that 
salts do not accumulate. The effluent, however, does not appear to be highly 
concentrated with salts, as conductivity of the sewage effluent is approximately 0.5 
mS/cm. Additionally, the control site soil conductivity is higher than the irrigated soil 
conductivity Therefore, the potential for soil salinity problems in the future appear small 
at this time. 
Infiltration 
During the 2001 irrigation season when precipitation amounted to approximately 
6 in, depth of infiltration at the non-irrigated control site was to 20 in. From fall through 
spring, when precipitation was under 2 in and a portion of the time ground was frozen, 
infiltration was only 9 in. Applied effluent during the 2001 irrigation season (where the 
soils received approximately 54 in of wastewater and 6 in of precipitation), apparently 
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percolated below the 25 in pit depth as no tracers were observable. Irrigation water, 
containing concentrations of nitrate, moved, presumably, down to groundwater. 
Soil Water 
Sewage effluent concentrations of nitrate-N are at detection limit (Figure 18), and 
the approximately 7 mg/L total N in effluent is primarily ammonium and dissolved 
organic nitrogen (DON) (Figure 19). The decrease in total N in the shallow soils from 
the applied effluent concentrations is most likely due to plant uptake and transformations 
of nitrogen components. The increase of total N with depth is due to the increase in 
nitrate with depth (Figure 18), as the deeper lysimeter total N is primarily nitrate-N. 
The nitrate concentrations deeper in the soil profile most likely result from soil 
organic matter, in response to irrigation, releasing large amounts of nitrate into solution 
during mineralization (Polglase et al., 1995). The elevated nitrate-N concentrations 
found at 30 in depth imply that other components of nitrogen are being transformed into 
nitrate, through either nitrification or oxidation. Ammonium or ammonia put into the soil 
by effluent application will be used up by plants, some microorganisms, and undergo 
transformations. Since the effluent is being applied to an aerobic, unsaturated soil 
environment, nitrogen components are likely to be oxidized, resulting in nitrate-N (Smith 
et al., 1990). This nitrate in soil solution found below the root zone is likely to act 
conservatively and is therefore available for leaching to groundwater. 
Groundwater 
Several studies have reported that impacts from sewage effluent irrigation on 
groundwater were not observed for many years (10-50) (Hinsley et al., 1978). If 
irrigating fields with sewage effluent were impacting groundwater after only two years, 
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we would expect to see increased concentrations of chloride, nitrate-N, and potentially 
total coliform counts directly under the fields with higher concentrations in downgradient 
wells than background. Average chloride concentrations and average total coliform 
counts are higher under the irrigated fields than background groundwater (Table 14). 
Nitrate, however, does not increase under the irrigated fields. 
Using chloride as a tracer of the wastewater, it appears wastewater moves 
downward to the groundwater, as pulses of flow Chloride concentrations in soil solution 
at a depth of 30 in are significantly higher (67.5 mg/L avg. chloride) than concentrations 
in the effluent (23.4 mg/L) (Figure 36). This suggests chloride is accumulating in the soil 
profile when water is evapotranspired. When soils later become saturated, the chloride is 
again mobilized at higher concentrations, creating pulses of flow in the unsaturated zone. 
Mean chloride in groundwater under the fields is higher than the concentration of 
chloride in background wells by about 18%, and the highest concentrations of chloride in 
groundwater beneath irrigated fields occurs during irrigation season. This indicates 
groundwater is being affected by the irrigation of sewage effluent. 
Mean coliform counts detected in groundwater indicate effluent irrigation is 
affecting groundwater beneath fields, and upon groundwater lateral movement, affecting 
groundwater slightly downgradient (Figure 27 and Table 14). However, the high mean 
value comes from one very high coliform count (>2,500 col/100 ml) in a multi-level well 
close to irrigated fields (MLS-4). Yet, on the same sampling day, the adjacent 
monitoring well (MW-4) had only 29 mpn/lOOml. Similarly, other days where coliform 
counts were in the hundreds in one well, another well in the same vicinity had low to no 
coliform numbers reported. This kind of disparity is likely a result of sampling 
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procedures associated with dedicated bailers or dedicated tubing. Due to this 
inconsistency in bacterial data, little can be concluded about bacterial contamination of 
groundwater. 
Figure 36. Chloride concentrations in soil water and groundwater beneath irrigated 
field (BNest lysimeters and MLS-3 from 8/9/01). 
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After two years of irrigating with sewage effluent, the mean nitrate concentration 
in groundwater under the irrigated fields is similar to background concentrations. While 
Figure 26 shows increased nitrate in groundwater under the fields in the first irrigating 
season (over background values), the second season saw high nitrate in background 
groundwater, which prohibits analysis of impact based solely on nitrate. While all wells 
under the fields had increasing nitrate-N concentrations as the 2001 irrigation season 
progressed, concentrations fell below background values (Figure 26). Therefore, 
groundwater shows no overall nitrate contamination resulting from irrigating with 
wastewater. 
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Nitrogen Balance 
The first nitrogen balance measured each component of the nitrogen cycle in soils 
individually and calculated that plant demand for nitrogen well exceeds nitrogen applied 
by effluent irrigation (Table 14). However, if plant demand controlled the nitrogen 
balance, we would expect nitrogen concentrations in soil water from deep lysimeters to 
be close to detection limits. Apparently not all nitrogen is available to the plants. 
Concentrations of nitrate-N and total N from lysimeters below the root zone are 2.84 and 
5.50 mg/L. These concentrations are higher than within the root zone. An explanation 
for this may be in the rate of plant uptake of nutrients and the saturated flow of irrigation 
water through the soil during irrigation. The 23 hour period of irrigation on one section 
of the field leads to saturated soils. If saturated flow moves irrigation water through the 
root zone faster than plant uptake can occur, soil water percolation to groundwater would 
have concentrations of nitrogen closer to application values (mean total N = 7 ppm), as is 
seen (Figure 19). Therefore, the nitrogen balance calculating each component of the 
nitrogen cycle in soils (Table 14) does not appear to accurately reflect observed field 
conditions. 
The nitrogen balance based upon the recharge calculated in the water balance 
(Table 16) uses direct field measurements of soil water to calculate nitrogen leached to 
groundwater. The soil water concentration used in this balance was taken from 
lysimeters at 30 in, below the root zone. Nitrate below the root zone will act 
conservatively, as it is a negatively charged compound, it will not be attracted to soil 
particles for the most part. Below the root zone the microorganism populations decrease 
greatly, decreasing the potential for nitrogen transformations resulting from biological 
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activity (i.e. denitrification, ammonification, and nitrification) (Madigan, et al., 2000). 
Using the more conservative measure of evapotranspiration, the Blaney-Criddle method, 
nitrogen leached to groundwater ranges between 4 and 30% of the applied nitrogen. A 
total of 30 to 320 kg of nitrogen will be added to groundwater a month during irrigation 
season. 
Pruitt et al. (1988) observed a significant upward trend of nitrate and chloride 
concentrations in the underlying sand aquifer (10-40 ft below land surface) after one year 
of irrigating silage crops in Florida. This treated effluent had less average monthly 
effluent irrigation application (6.2 in/mo) and only slightly higher total N concentrations 
(13mg/L) of the effluent than at GKR. While a nitrogen balance was not performed, it 
was concluded that monitoring crop nutrient uptake along with nitrogen loading rates will 
be key for their understanding impact to groundwater contamination. 
A nitrogen balance for effluent irrigated pasture grasses was conducted by Lund 
et al. (1981) in California. Application rates were slightly higher than at GKR (3.9 in/wk 
compared to 2-3.5 in/wk) and nitrogen concentrations in the effluent were higher (21 
mg/L NH4+ and 7.3 mg/L total N at GKR). Gas sampling for direct measurement 
(Ryden et al., 1981) of volatilization and denitrification resulted in 9% loss of the applied 
nitrogen, which the study concedes is a low estimate (20% of applied nitrogen was used 
for GKR). By harvesting pasture grasses for direct measurement of crop removal of 
nitrogen, 32% of applied nitrogen, or 208 to 416 kg N/ha/yr was considered lost to crop 
uptake (250 kg N/ha/yr used for GKR). This study did not account for any storage 
component of nitrogen. The leaching component of the nitrogen balance was considered 
by calculating a leaching fraction using the chloride concentrations in the effluent (7.9 
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mg/L) and in the soil water below the root zone (11 mg/L) with soil water nitrate 
concentrations. Leaching accounted for 60% of nitrogen applied in Lund et al. 's study, 
and 18% at GKR. 
In a nitrogen balance performed on vegetable crops irrigated with effluent, 
Schalscha and Vergara (1982) took into account irrigation application and crop uptake of 
nitrogen only. Direct measurement of nutrient uptake of vegetable crops resulted in 290 
kg N/ha/yr and the remaining applied nitrogen (555 kg N/ha/yr) was considered leached 
to groundwater. While soil storage was not considered, treated soil had 140% higher 
total N concentrations than untreated soils. Similar to GKR, nitrate concentrations in the 
effluent were approximately 0.2 mg/L, while soil water nitrate was up to 25 mg/L below 
the root zone, demonstrating nitrification of effluent in the unsaturated zone. Although 
time frame was not mentioned in this study, nitrate concentrations in groundwater were 
significantly higher in wells under the effluent irrigated fields. 
Handley and Ekern (1984) calculated a nitrogen balance for effluent irrigated para 
grass in Hawaii which resulted in nitrogen applications of 130 to 2600 kg/ha/yr (150 
kg/ha/yr at GKR), 79% of applied nitrogen was harvested in grass, 3% percolated, and 
28% was denitrified. In this study, the evapotranspiration component was back-
calculated by knowing irrigation, precipitation and percolate (measured in percolate style 
lysimeters) quantities and denitrification was estimated as the unexplained remnant from 
the nitrogen balance. In this study, as in others attempting nitrogen balances, soil storage 
was not investigated. 
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Modeling 
After two seasons, the calculated nitrogen balance and measured chloride 
concentrations suggest that groundwater is minimally impacted by irrigating with 
effluent. The VS2DT model was then used to generally examine irrigation water and 
nitrate transport times through the vadose zone to better conceptualize the long-term 
impacts to the underlying groundwater. After each monthly irrigation event in model 
simulations, soil saturation was 65% down to the water table. The profile then dries up 
quickly back to the pre-irrigation soil moisture profile (approximately 30%, though 
difficult to see where the capillaiy fringe ends) (Figure 32). This corroborates the lack of 
soil storage in the water balance. The model shows the soils being nearly saturated with 
each irrigation event. This supports my suggestion that flow through the profile during 
irrigation events is too fast (due to saturation state) for plant uptake to reach its maximum 
potential. After simulating ten years of irrigating under current conditions, overall nitrate 
does not appear to be building up in the profile according to model predictions (Figure 
35). However, solute balance tables for all dates, in Appendix G, show the model taking 
mass out of the profile with evapotranspiration. This cannot be explained. ET should 
account for some volume of water loss in the profile, and thus increase solute 
concentrations if any change at all is seen. Up to half of the applied nitrate mass is lost 
with ET in the models (Appendix G). Therefore, it is suspected that concentrations of 
nitrate entering the lower boundary (water table) are underestimated in all of the 
irrigation model results. If no mass of nitrate were lost to evapotranspiration, more 
would be available for build-up in the profile or pass downward to the water table. The 
modeling effort is not presented as representing actual conditions at GKR. Instead, it is 
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presented as an interpretive tool, used to better conceptualize how water and nitrate are 
most likely behaving in the vadose zone. 
Management 
Given current management practices, up to 40% of applied nitrogen is leaching to 
groundwater according to nitrate and water balance calculations. After one year of 
simulated irrigation 50% of applied nitrate has leached to the water table, and after ten 
years of simulation about 48%. To ensure non-degradation of ranch groundwater 
resources and increase beneficial use, two management practices have been considered 
and modelled (Management Model #1 and Management Model #2). For example, a 
change in the rate of effluent application should be considered. Rolling sprinkler lines on 
automatic timers keeps sprinkler lines moving across fields, thus allowing for a reduction 
of daily loading at a given location, could be operated to minimize saturation of soils. 
However, irrigation is achieved through hand line laterals because of the ranch's 
historical management mission. Due to this mission statement, other methods of 
irrigation are not likely to be considered. Other options for decreasing hydraulic load 
include moving the hand line laterals at shorter time intervals (Management Model #1). 
Currently, the lines are supposed to be moved daily, however, this is rarely the case, as 
Sundays, holidays, sick days, and days when another ranch activity takes priority often 
results in skipped days, laterals may be left in place for up to 48-72 hours. Moving the 
hand line laterals at intervals of 12 hours would still be practical for maintenance. This 
scenario would allow for the same quantity of sewage effluent to be applied to the land, 
but would decrease the daily hydraulic load on each land transect, therefore decreasing 
the saturation state of the soil, possibly allowing for more plant uptake and less 
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percolation. Plant uptake is the largest loss of nitrogen from the system, however its 
potential is not being fully utilized. In the model simulation under this management 
scenario (Management #1), the same mass of nitrogen is applied to the profile, but only 
23% of the applied solute leaches to the water table after one year (Appendix G). With 
current management practices, the model calculated 50% of applied solute leaches out. 
This difference is likely due to the rate of irrigation water flow in the soil during an 
irrigation event. 
Another management option is to simply decrease the volume of effluent applied 
to the field annually. The treatment plant will be getting a flow meter in summer of 
2002, which could help manage monthly flow rates. Management #2 model supplied 
effluent to the fields for the summer irrigation periods, but decreasing the rate by 40%, to 
5 cm/d. Under this plan, since the flux of water to the fields is less, the mass of nitrogen 
is also decreased by 40%. With less mass in there is obviously less nitrate transported to 
the water table. The model calculates 31% of the applied nitrate is leached to 
groundwater. There is less nitrate added in this plan than under current practices, and a 
lower percentage of the added nitrate is lost to leaching. 
The models presented here contain uncertainty in their predictions, due in large 
part to poorly known profile material parameters. To accurately assess the van 
Genuchten soil hydraulic properties, a soil water retention curve should be constructed 
from laboratory tests of pressure head and soil moisture for undisturbed soil samples. 
This is impractical for the coarse grained sediments. Characterization of field soil 
moisture conditions at depths below installed tensiometers would also allow for better 
calibration of modeled moisture curves, as gypsum block values were never considered a 
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reliable source of data. As with most numerical models, the modeled soil profile used 
in this study is only a general representation of field conditions. Model results as 
supported by observed field data present reasonable trends. 
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Chapter 5: CONCLUSIONS 
The nitrogen balance calculations indicate that irrigating with treated sewage 
effluent is loading the soil profile with nitrogen, and therefore nitrogen is the limiting 
agent in this irrigation project. Denitrification and volatilization account for 
approximately 15% of the applied nitrogen. Storage of nitrogen components account for 
almost 20% of the applied nitrogen. Plant uptake of nitrogen is the dominant nitrogen 
controller in this soil system. However, soil water samples from below the root zone 
indicate plant uptake potential is not being fulfilled. This is likely a result of irrigation 
methods that saturate the soil and allow water to pass through the root zone faster than 
uptake can occur. Therefore, based on water balance calculations, it appears between 5 
and 40% of the applied nitrogen is leaching to groundwater. 
The concentration of nitrogen in the leached soil water is below drinking water 
standards. However, during summer months background concentrations of nitrate-N in 
the groundwater increases up to 3 mg/L. Under proposed State DHES non-degradation 
rules, the application of wastewater should not result in greater than 5 0 mg/L of total 
nitrogen outside of "any applicable mixing zone designated by the Department" in order 
to be considered "nonsignificant". Using VS2DT, the flow of irrigation water and 
transport of nitrogen in the vadose zone was predicted. The model shows that after each 
monthly irrigation event, soils are saturated to 65% from surface down to the water table, 
and the profile dries up quickly after an event back to pre-irrigation soil moisture content. 
Given current management practices, up to 50% of applied nitrogen could be leaching to 
groundwater according to nitrate and water balance calculations after one year of 
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irrigation and about 48% after 10 consecutive years. Nitrate is not predicted to build up 
in the profile during each irrigation season. 
A change in the irrigation practice that moves laterals more frequently results in a 
prediction of half as much nitrate mass will leach to groundwater. The drawback to this 
plan is the increase in labor to move hand lines more often. A second management 
approach is to continue current practices but irrigate with 40% less effluent. Less 
effluent applied to the fields, means more effluent discharging into the Clark Fork River, 
as before this irrigation project was initiated. This plan does not provide relief to the 
river in the form of nutrients, as is the goal of this effluent irrigation project in 
conjunction with the Voluntary Nutrient Reduction Program's objectives. Therefore, 
while the model results do not show nitrate build-up in the vadose zone of the irrigated 
fields, nitrate is shown to enter the water table at concentrations of 1 to 2.4 mg/L from 
early May to mid-October each year. 
Recommendations 
Based on this research effort, the follwing areas of additional research are 
suggested: 
1. Continue monitoring groundwater at the beginning, middle, and end of each irrigation 
season. 
2. Document the infiltration process to the water table by installing an array of soil 
moisture instruments at site BNest. Gypsum blocks installed eveiy six to twelve 
inches down to the water table would be an inexpensive and easy monitoring method 
for infiltration. 
Continue to monitor soil salt build-up potential by taking soil samples at the end of 
each irrigation season. 
If management practices are changed, document the results in soil salt build-up and 
migration of groundwater to the water table. 
Monitor bacterial transport through the unsaturated zone by installing stainless 
lysimeters to better assess source for bacterial contamination of groundwater. 
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Water Samples 
During sampling of water, either from wells, suction lysimeters, sprinkler heads, 
or precipitation gauge, samples were handled with the same procedures. Temperature, 
pH, and conductivity measurements were made in the field using Orion pH meters and 
Orion electrical conductivity meters. Meters were calibrated prior to each sampling 
session. Both of these meters also record temperature measurements of the water sample. 
Anion samples (NO3", P04J\ CI", and SO42) were filtered in the field (0.45um), collected 
in Nalgene bottles and stored at -4° C until laboratory analysis. Samples are analyzed 
within specified holding times using the Nessler Method to determine ammonia 
concentrations (HACH 8038, 1999). Anionic analytes are analyzed using ion 
chromatography (IC) (U.S. EPA 300.0, 1999). 
Sample alkalinity were performed as soon as reasonably possible, adhering to 
analyte holding time protocol and measured by titration. Samples were prepared and 
analyzed for anions by Ion Chromatography as per modified EPA Method 300.0. 
Table Al. Groundwater Chemistry 
Sample 
Name 
Collection 
Date 
Alk 
(mg/LCaC03) 
Coliform PH Cond (mS) Temp 
(C) 
F CI N02"-N N03-N NH3-N Total N P043-P SO42 
dl/pql 1 col/1 OOmL Field 0.05 1.0 0.05 0.1 0.5 0.5 0.05 6.0 
MW-1 5/1/00 327 P/A-, EC- 6.91 0.463 7.8 10.1 0.5 29.2 
MW-1 5/1/00 NS NS NS NS 
MW-1 6/29/00 310 7.02 0.509 10.6 10.4 0.5 26.8 
MW-1 7/18/00 335 <1 7.36 0.495 8.2 10.6 0.3 26.8 
MW-1 8/30/00 335 7.47 0.528 9.6 9.9 0.3 26.2 
MW-1 10/1/00 320 <1 10.8 0.3 25.3 
MW-1 4/26/01 270 <1 7.33 0.962 18.3 0.11 13.89 <PQL 0.97 <PQL 0.05 29.59 
MW-1 5/31/01 P/A-.EC- 7.43 0.609 13.7 0.15 13.75 <PQL 0.91 <PQL <PQL 26.48 
MW-1 6/27/01 305 7.48 0.710 8.8 0.11 15.99 <PQL 1.56 <PQL <PQL 59.98 
MW-1 7/11/01 <1 7.48 0.782 7.9 0.13 18.81 <PQL 4.68 <PQL <PQL 75.39 
MW-1 8/13/01 7.31 0.818 10.3 <PQL 17.70 <PQL 4.62 <PQL <PQL 55.05 
MW-2 5/1/00 290 P/A-, EC- 6.86 0.440 8.5 11.6 1.2 49.2 
MW-2 6/30/00 270 7,44 0.454 11.1 13.0 0.5 51.6 
MW-2 7/18/00 275 <1 7.09 0.503 9.6 13.0 0.6 52.0 
MW-2 8/30/00 290 T
l 
m
 
o
 
7.31 0.481 10.3 12.1 0.5 52.5 
MW-2 10/1/00 285 <1 7.32 0.570 10.3 13.0 0.5 53.1 
MW-2 4/26/01 275 7.50 0.574 13.4 0.12 14.71 <PQL 1 19 <PQL 0.07 54.56 
MW-2 5/31/01 7.32 0.612 11.9 0.16 15.69 <PQL 2.50 <PQL <PQL 52.17 
MW-2 6/27/01 295 7.53 0.651 9.0 0.13 16.52 <PQL 3.27 <PQL <PQL 54.56 
MW-2 7/11/01 20 7.55 0.625 10.3 0.14 15.61 <PQL 1.51 <PQL <PQL 56.13 
MW-2 8/13/01 7.37 0.618 12.4 <PQL 16.81 <PQL 0.58 <PQL 1.40 <PQL 54.63 
MW-3 5/1/00 205 P/A-, EC- 6.4 0.1 34.1 
MLS-3-Blue 5/31/01 P/A+.EC- 0.574 16.9 0.53 8.35 <PQL 0.09 <PQL <PQl 44.16 
MLS-3-B 6/28/01 458 7.65 1.030 16.3 0.96 25.64 <PQL <PQL <PQL 0.49 72.51 
MLS-3-B 7/11/01 7.66 0.860 17.3 1.25 23.47 <PQL <PQL <PQL 0.16 67.86 
MLS-3-B 8/9/01 7.51 0.888 15.6 0.92 25.07 <PQL 0.68 <PQL 1.60 0.47 97.62 
Table Al cont. 
Sample 
Name 
Collection 
Date 
Alk 
(mg/LCaC03) 
Coliform pH Cond (mS) Temp 
(C) 
F cr no2-n N03"-N mh3~n Total N 0
. 
*
 
& o G
. 
S04z 
MLS-3RED 6/27/00 255 7.32 0.857 16.7 36.0 0.6 273.5 
MLS-3-R 7/20/00 230 40 7.41 0.501 15.4 9.7 0.5 66.6 
MLS-3-R 8/28/00 275 7.60 0.729 16.3 22.6 2.11 173.6 
MLS-3-R 10/1/00 270 1 22.0 0.9 127.6 
MLS-3-R 4/26/01 236 7.51 0.529 10.1 0.53 11.70 <PQL 0.87 <PQL 0.05 52.94 
MLS-3-R 5/31/01 0.505 13.1 0.40 8.09 <PQL 0.04 <PQL <PQL 37.89 
MLS-3-R 6/28/01 480 7.59 0.934 15.7 0.85 25.76 <PQL <PQL <PQL 0.16 59.95 
MLS-3-R 7/11/01 7.55 0.810 17.8 0.84 25.16 <PQL 0.36 <PQL 0.06 112.33 
MLS-3-R 8/9/01 7.43 0.811 15.4 0.41 19.05 <PQL 0.82 <PQL 1.30 <PQL 95.54 
MLS-3-White 6/27/00 210 7.88 0.618 17.9 15.4 1.0 99.8 
MLS-3-W 7/20/00 190 7.51 0.449 14.4 8.9 0.3 62.8 
MLS-3-W 7/20/00 190 7,49 0.708 17.3 8.9 0.3 62.8 
MLS-3-W 8/28/00 235 18.5 3.02 143.6 
MLS-3-W 10/1/00 265 22.1 0.8 131.0 
MLS-3-W 4/26/01 190 16 7.25 0.466 11.8 0.28 8.76 <PQL 0.88 <PQL <PQL 37.99 
MLS-3-W 5/31/01 0.537 13.0 0.35 8.46 <PQL 0.21 <PQL <PQL 36.32 
MLS-3-W 6/28/01 460 7.41 1.053 15.3 0.39 24.60 <PQL 0.19 <PQL <PQL 57.86 
MLS-3-W 7/11/01 6 7.46 0.832 16.8 0.46 25.71 <PQL 1.63 <PQL <PQL 147.62 
MLS-3-W 8/9/01 7.24 0.662 14.9 0.28 15.44 <PQL 1.56 <PQL 2.30 <PQL 70.01 
GKW-11 6/30/00 255 7.36 0.425 9.5 5.4 0.2 31.2 
GKW-11 7/18/00 240 4 7.26 0.439 9.5 25.6 0.3 48.0 
GKW-11 8/28/00 255 P/A- EC- 7.49 0.469 13.4 9.9 0.56 40.0 
GKW-11 10/1/00 240 <1 9.3 0.6 40.4 
GKW-11 4/26/01 235 <1 7.33 0.504 13.5 0.17 6.42 <PQL 0.34 <PQL 0.05 28.60 
GKW-11 5/31/01 7.49 0.476 16.7 0.21 6.87 <PQL 0.44 <PQL <PQL 30.93 
GKW-11 6/27/01 240 7,47 0.519 10.6 0.18 14.07 <PQL 0.83 <PQL <PQL 47.98 
GKW-11 7/11/01 <1 7.38 0.540 10.8 0.20 17.01 <PQL 1.11 <PQL <PQL 51.47 
Table Al cont. 
Sample Name Collection 
Date 
Alk 
(mg/LCaC03) 
Coliform PH Cond 
(mS) 
Temp (C) F cr N02-N NO3-N NH3-N Total N PO43-P SO42 
MW-4 5/1/00 295 P/A-, EC- 7.09 0.436 7.6 9.5 1 1 35.2 
MW-4 6/30/00 315 7.40 0.524 10.2 10.1 1.2 34.3 
MW-4 7/18/00 315 690 7.34 0.509 10.4 12.0 1.2 38.1 
MW-4 8/28/00 295 P/A+,EC- 7.50 0.513 10.7 16.5 1.94 47.8 
MW-4 10/1/00 290 579 18.6 2.2 49.8 
MW-4 4/26/01 300 <1 7.62 0.559 13.4 0.17 8.81 <PQL 0.90 <PQL <PQL 34.39 
MW-4 5/31/01 PA+.EC- 0.607 12.2 0.27 11.08 <PQL 1.31 <PQL <PQL 36.23 
MW-4 6/27/01 290 7.52 0.633 10.7 0.21 14.44 <PQL 1.40 <PQL <PQ L 44.85 
MW-4 7/11/01 29 7.47 0.638 12.2 0.22 15.40 <PQL 1.22 <PQL <PQL 43.87 
MW-4 8/13/01 7.46 0.643 13.4 0.14 17.36 <PQL 1.24 <PQL <PQl 47.43 
MLS-4-RED 6/20/00 295 6.89 - 22.7 10.2 1.0 36.8 
MLS-4-R 6/30/00 310 7.51 0.579 13.2 11.0 1.2 37.2 
MLS-4-R 7/18/00 305 7.56 0.565 13.9 12.9 1.1 40.0 
MLS-4-R 8/28/00 310 7.60 0.540 12.6 18.1 2.04 51,4 
MLS-4-R 10/1/00 285 19.7 2.3 53.6 
MLS-4-R 4/26/01 255 7.48 0.593 13.2 0.18 12.45 <PQL 0.89 <PQL <PQL 51.08 
MLS-4-R 5/31/01 0.611 17 1 0.27 13.04 <PQL 1 17 <PQL <PQL 45.23 
MLS-4-R 6/27/01 310 7.47 0.673 13.1 0.20 15.16 <PQL 1.34 <PQL <PQL 52.74 
MLS-4-R 7/11/01 72500 7,49 0.657 13.1 0.22 13.72 <PQL 1.08 <PQL <PQL 45.01 
MLS-4-R 8/13/01 7.49 0.695 17.2 0.15 18.32 <PQL 0.93 <PQL <PQL 46.87 
MLS-4-WHITE 6/30/00 305 7.48 0.563 11.6 10.7 1.2 36.2 
MLS-4-W 7/18/00 310 <1 7.60 0.544 12.3 12.6 1.2 39.3 
MLS-4-W 8/28/00 300 7 70 0.538 12.1 18.4 2.12 51.8 
MLS-4-W 10/1/00 275 <1 19.6 2.3 53.4 
MLS-4-W 4/26/01 270 <1 7.29 0.596 14.4 0.17 11,42 <PQL 0.87 <PQL <PQL 46.41 
MLS-4-W 5/31/01 0.747 15.6 0.27 13.14 <PQL 1 15 <PQL <PQL 43.99 
MLS-4-W 6/27/01 300 7.38 0.709 12.8 0.22 15.56 <PQL 1.30 <PQL <PQL 53.68 
MLS-4-W 7/11/01 7.47 0.651 12.7 0.22 14.05 <PQL 1.02 <PQL <PQL 43.93 
MLS-4-W 8/13/01 7,40 0.703 16.2 0.15 18.30 <PQL 0.88 <PQL <PQL 46.46 
Table Al cont. 
Sample 
Name 
Collection 
Date 
Alk 
(mg/LCaC03) 
Coliform PH Cond (mS) Temp 
(C) 
F CI N02*-N NCV-N NH3-N Total N PO43-P SO42 
MW-5 5/1/00 250 P/A+, EC- 6.99 0.400 8.5 6.0 0.4 32.6 
MW-5 6/27/00 215 7.41 0.374 12.4 6.9 0.4 44.3 
MW-5 7/18/00 270 <1 7.36 0.446 14.8 7.6 0.6 38.9 
MW-5 8/28/00 260 P/A+.EC- 7.32 0.460 13.1 7.6 0.37 42.3 
MW-5 10/1/00 260 12 7.47 0.477 14.2 8.1 0.2 42.1 
MW-5 4/26/01 175 1 7.49 0.426 16.5 0.20 9.47 <PQL 1.25 <PQL <PQL 41.78 
MW-5 5/31/01 PA-,EC- 0.565 10.4 0.26 12.14 <PQL 1.40 <PQL <PQL 49.16 
MW-5 6/27/01 290 7.51 0.563 10.8 0.22 12.97 <PQL 1 15 <PQL <PQL 53.20 
MW-5 7/11/01 1 7.60 0.570 13.2 0.21 11.76 <PQL 0.73 <PQL <PQL 52.28 
MW-5 8/13/01 7.37 0.618 14.6 0.13 13.96 <PQL 0.36 <PQL <PQL 50.33 
MLS-5-
GREEN 
6/20/00 230 7.69 - 18.9 9.8 <PQL 86.1 
MLS-5-G 6/27/00 235 7.60 0.551 16.8 9.4 <PQL 78.4 
MLS-5-G 7/18/00 275 7.46 0.550 17.5 11.2 <PQL 79.4 
MLS-5-G 4/26/01 290 7.48 0.487 17.3 0.34 12.06 <PQL 1.71 <PQL <PQL 70.39 
MLS-5-G 5/31/01 0.915 14.6 0.34 31.38 <PQL 0.08 <PQL <PQL 195.64 
MLS-5-G 6/27/01 255 7,41 0.649 17.5 0.28 13.12 <PQL <PQL <PQL <PQL 69.88 
MLS-5-G 7/11/01 7.37 0.606 20.0 0.29 12.18 <PQL <PQL <PQL <PQL 46.36 
MLS-5-G 8/13/01 7.44 0.646 23.4 0.20 18.75 <PQL <PQL <PQL <PQL 49.08 
MLS-5-BLUE 6/20/00 210 7.55 - 15.0 9.7 <PQL 75.8 
MLS-5-B 6/27/00 230 7,46 0.558 16.2 9.5 <PQL 79.0 
MLS-5-B 7/18/00 285 40 7,49 0.531 15.8 9.7 <PQL 65.3 
MLS-5-B 8/28/00 280 7.51 0.490 14.4 7.7 <PQL 42.7 
MLS-5-B 4/26/01 185 7.29 0.467 16.4 0.19 11.69 <PQL 1.19 <PQL <PQL 50.95 
MLS-5-B 5/31/01 0.948 13.8 0.32 32.49 <PQL 0.13 <PQL <PQL 202.81 
MLS-5-B 6/27/01 270 7.41 0.655 17.2 0.28 13.21 <PQL <PQL <PQL <PQL 70.52 
MLS-5-B 7/11/01 7.33 0.605 18.8 0.29 12.16 <PQL <PQL <PQL <PQL 46.65 
MLS-5-B 8/13/01 7.98 0.645 23.4 0.20 18.65 <PQL <PQL <PQL <PQL 49.22 
Table Al cont. 
Sample 
Name 
Collection 
Date 
Alk 
(mg/LCaC03) 
Coliform pH Cond (mS) Temp (C) F CI NO2-N N03"-N NH3-N Total N 
Q
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CL 
S042 
MLS-5-RED 6/20/00 210 6.98 - 15.2 8.0 0.2 58.7 
MLS-5-R 6/27/00 225 7.51 0.487 16.5 7.9 <PQL 61.7 
MLS-5-R 7/18/00 260 7.44 0.500 15.7 7.9 <PQL 48.9 
MLS-5-R 8/28/00 255 7 47 0.483 14.4 7.6 0.13 41.6 
MLS-5-R 10/1/00 255 8.3 <PQL 42.2 
MLS-5-R 4/26/01 195 <1 7.21 0.469 16.0 0.18 11.98 <PQL 1.37 <PQL <PQL 48.71 
MLS-5-R 6/31/01 0.681 14.5 0.28 19.65 <PQL 0.67 <PQL <PQL 106.54 
MLS-5-R 6/27/01 245 7,45 0.623 17.7 0.28 12.56 <PQL <PQL <PQL <PQL 66.78 
MLS-5-R 7/11/01 <1 7.39 0.601 18.6 0.25 12.22 <PQL <PQL <PQL <PQL 45.41 
MLS-5-R 8/13/01 7.38 0.629 24.2 0.19 18.50 <PQL <PQ L <PQL <PQL 48.28 
MLS-5-
WHITE 
6/27/00 190 6.83 0.447 15.2 7.8 <PQL 58.2 
MLS-5-W 7/18/00 275 14 7 41 0.497 14.8 8.0 0.1 49.4 
MLS-5-W 8/28/00 275 7.53 0.483 14.1 7.7 0.11 42.0 
MLS-5-W 10/1/00 250 <1 8.2 <PQL 41.4 
MLS-5-W 04/26/01 185 7.17 0.495 15.6 0.17 12.22 <PQL 1.20 <PQL <PQL 48.96 
MLS-5-W 05/31/01 0.717 14.9 0.25 16.50 <PQL 0.82 <PQL <PQL 79.60 
MLS-5-W 06/27/01 240 7,41 0.607 17.2 0.26 12.49 <PQL <PQL <PQL <PQL 66.22 
MLS-5-W 07/11/01 7.27 0.598 17.8 0.24 12.21 <PQL <PQL <PQL <PQL 44.91 
MLS-5-W 08/13/01 7.24 0.655 23.7 0.20 18.84 <PQL <PQL <PQL 0.60 <PQL 47.45 
GKW-10 6/30/00 285 7 16 0.481 9.3 10.8 <PQL 43.9 
GKW-10 7/18/00 275 <1 7.26 0.452 9.1 11.8 <PQL 51.3 
GKW-10 8/28/00 280 7.41 0.444 9.6 9.1 0.07 31.1 
GKW-10 10/1/00 290 <1 7.9 <PQL 15.8 
GKW-10 4/26/01 230 <1 7.50 0.658 8.4 0.23 19.74 <PQL <PQL <PQL 0.05 61.99 
GKW-10 5/31/01 0.30 18.07 <PQL 0.04 <PQL <PQ L 60.16 
GKW-10 6/27/01 285 7.42 0.587 12.9 0.24 17.53 <PQL 0.24 <PQL <PQL 60.55 
GKW-10 7/11/01 7 7.37 0.553 10.5 0.25 15.28 <PQL 0.33 <PQL <PQ L 55.14 
GKW-10 8/13/01 6.94 0.626 12.3 0.19 11.70 <PQL 0.14 <PQL <PQL 28.93 
dl = detection limit P/A- EC- = not contaminated with coliform or fecal coliform #COL/1 OOML = # coliform bacteria colonies per 10OML 
pql = probable quantitative limit P/A+ EC- = contaminated with coliform, fecal coliform absent 
Table A2. Soil Water Chemistry 
Sample 
Name 
Collection 
Date 
Alk 
(mg/LCaC03) 
Coliform PH Cond (mS) Temp (C) F CI N02-N NO3-N NHs-N Total N P04a-P S04z 
dl/pql (ppm) 1 col/1 OOmL 0.05 1.0 0.05 0.1 0.5 0.5 0.05 6.0 
ALYSD-1 7/10/00 50.8 6.2 91.8 
ALYSD-1 8/14/00 225 <1 53.1 5.3 97.1 
ALYSD-1 8/28/00 355 59.2 6.07 137.4 
ALYSD-1 5/31/01 7.67 1.020 23.0 0.50 54.32 <PQL 0.27 <PQL 0.08 213.55 
ALYSD-1 8/13/01 7.34 0.649 19.9 0.16 23.30 <PQL 0.23 <PQL 1.80 0.59 58.70 
ALYSD-2 7/17/00 280 54.0 10.5 540.4 
ALYSD2-2 7/17/00 290 ' 31.8 3.4 68.4 
ALYSVD-2 5/31/01 <PQL 46.59 <PQL 2.15 <PQL <PQL 40.99 
ALYSS-3 7/18/00 36.8 25.1 90.2 
ALYSS2-3 7/18/00 305 32.7 22.1 90.9 
ALYSS2-3 6/27/01 250 0.52 24.31 <PQL 0.07 <PQL 1.25 48.93 
ALYSS2-3 7/11/01 0.59 26.10 <PQL 0.05 <PQL 1.28 62.26 
ALYSD-3 7/10/00 36.0 8.8 84.9 
ALYSD-3 7/18/00 390 7.59 0.986 19.2 33.8 10.4 90.6 
ALYSD2-3 7/18/00 270 <1 41.3 30.3 82.9 
ALYSD2-3 6/27/01 345 7.63 1.008 17.6 0.25 39.29 <PQL <PQL <PQL 0.10 116.68 
ALYSD2-3 7/11/01 <1 7.72 0.993 19.5 0.08 30.08 <PQL <PQL <PQL 0.14 81.64 
BLYSS 7/20/00 50.1 <PQL 467.0 
BLYSS2 7/20/00 P/A- EC-
BLYSS2 5/31/01 <PQL 47.33 <PQL <PQL 0.68 <PQL 106.83 
BLYSS2 7/23/01 <1 0.16 49.24 <PQL <PQL <PQL <PQL 25.26 
BLYSS2 8/9/01 1.34 36.70 <PQL <PQL <PQL 1.30 <PQL 98.55 
BLYSS 9/7/01 0.39 47 15 <PQL <PQL <PQL <PQL 281,413 
c u: 
Sample 
Name 
Collection 
Date 
Alk 
(mg/LCaC03) 
Coliform pH Cond (mS) Temp (C) F CI NOz-N N03-N NH3-N Total N PO43-P S042 
BLYSD 7/20/00 390 <1 71.9 <PQL 458.8 
BLYSD2 7/20/00 270 7.45 0.823 18.6 47.8 1.6 120.6 
BLYSD2 7/23/01 <1 2.08 59.89 <PQL <PQL <PQL 0.10 113.70 
BLYSD2 8/9/01 7.61 1.055 21.2 0.42 28.46 <PQL <PQL <PQL 1.60 0.45 147.70 
BLYSD 9/7/01 0.97 32.61 <PQL <PQL <PQL <PQL 109.895 
BLYSVD 5/31/01 <PQL 47.73 <PQL 0.81 <PQL <PQL 222.50 
BLYSVD 6/27/01 720 0.17 63.43 <PQL 2.57 <PQL <PQL 935.64 
BLYSVD 7/11/01 2 1.11 61.75 <PQL 4.05 <PQL <PQL 1179.79 
BLYSVD 72301 <1 1.35 65.07 <PQL 5.05 <PQL <PQL 1046.05 
BLYSVD 8/9/01 P/A-E/C- 8.00 3.050 19.7 1.19 85.22 <PQL 1.75 <PQL 5.50 <PQL 844.97 
BLYSVD 9/7/01 1.59 82.07 <PQL 0.51 <PQL <PQL 1056.42 
dl = detection limit 
pql = probable quantitative limit 
ND = not detected 
P/A- EC- = not contaminated with coliform or fecal coliform 
P/A+ EC- = contaminated with coliform, fecal coliform absent 
o 4^ 
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Table A3. Chemistry quality control data. 
Sample Name Collection Fluoride Chloride N in N in Nitrate Pjn Sulfate 
Date Nitrite Phosphate 
Duplicates 
1/2 MW-5 4/27/01 0.107806 4.5605 0 0.622522 0 20.5997 
1/2 MW-5 Lab Dup 4/27/01 0.106897 4.60283 0 0.62606 0 20.5406 
% Difference 0.85% 0.92% 0.57% 0.00% 0.29% 
GKW-10 042501 4/26/01 0.232792 19.7434 0 0.0284334 0.0528551 61.9884 
GKW-10 042501 Lab Dup 4/26/01 0.217565 19.8556 0 0.0264613 0.0241784 61.4169 
% Difference 6.76% 0.57% 7.19% 74.45% 0.93% 
MLS-3-R 042501 4/26/01 0.534869 11.6957 0 0.867819 0.0472573 52.9373 
MLS-3-R 042501 Lab Dup 4/26/01 0.400778 11.818 0 0.863801 0.0385708 52.6456 
% Difference 28.66% 1.04% 0.46% 20.24% 0.55% 
MW-2 5/31/01 16.1972 2.34414 53.7938 
MW-2 iab dup 5/31/01 16.1591 2.34852 53.7339 
% difference of duplicates 0.24% n/a 0.11% 
MW-1 5/31/01 13.7533 0.907831 26.478 
MW-1 iab dup 5/31/01 13.7272 0.914335 26.472 
% difference of duplicates 0.19% 0.71% 0.02% 
MLS-5-G 5/31/01 30.4897 bdi 194.379 
MLs-5-G Lab Dup 5/31/01 30.5908 bdl 194.88 
% difference of duplicates n/a n/a n/a 
1/4 Sprinkler 6/2/01 7.08443 0.0714934 11.0387 
1/4 Sprinkler 6/2/01 7.0988 0.0706084 10.9713 
% difference of duplicates 0.20% 1.25% 0.61% 
MLS3W 062701 6/28/01 0.386461 23.9646 0 0.190123 -0.0084942 57.8593 
MLS3W 062701 Lab Dup 6/28/01 0.408904 23.9333 0 0.189867 -0.0017936 57.8684 
% difference 5.64% 0.13% 0.00% 0.13% -130.26% 0.02% 
1/2 MLS3W 062701 6/28/01 0.223078 12.3013 0 0.0951009 -0.0323899 28.261 
1/2 MLS3W 062701 Lab 
Dup 
6/28/01 0.226367 12.268 0 0.096075 -0.0340317 28.3168 
% difference 1.46% 0.27% 0.00% 1.02% -4.94% 0.20% 
MLS-5-W 7/11/01 0.235031 12.2099 0 0.0081451 0 44.91 
MLS-5-W LAB DUP 7/11/01 0.236415 12.1712 0 0 0 44.8308 
% difference 0.59% 0.32% 0.00% 200.00% 0.00% 0.18% 
MLS-4-R 7/11/01 0.224432 13.7221 0 1.09788 0 45.0055 
MLS-4-R LAB DUP 7/11/01 0.223383 13.7597 0 1.1012 0 45.0789 
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% difference 0.47% 0.27% 0.00% 0.30% 0.00% 0.16% 
Table A3 cont. 
MW-2 7/11/01 0.14427 15.6106 0 1.52138 0.00920929 56.1308 
MW-2 LAB DUP 7/11/01 0.144745 15.5811 0 1.51729 0.0116191 56.1731 
% difference 0.33% 0.19% 0.00% 0.27% 23.14% 0.08% 
1/2 GKW-11 7/11/01 0.115772 8.53854 0 0.557129 0 25.4821 
1/2 GKW-11 LAB DUP 7/11/01 0.114286 8.56405 0 0.557919 0 25.549 
% difference 1.29% 0.30% 0.00% 0.14% 0.00% 0.26% 
37084 
1/2MLS-4-R 7/12/01 0.136797 6.78406 0 0.541509 0 21.9258 
1/2 MLS-4-R LAB DUP 7/12/01 0.138938 6.8086 0 0.547217 0 21.9324 
% difference 1.55% 0.36% 0.00% 1.05% 0.00% 0.03% 
MLS-3-B 7/11/01 1.246126 23.4658 0 0.0404646 0.160775 67.8575 
MLS-3-B FD 7/11/01 1.267352 23.909 0 0.0461771 0.169682 67.3392 
% difference 1.69% 1.87% 0.00% 13.19% 5.39% 0.77% 
BLYSVD 7/24/01 0 51.9073 0 2.68419 0 0 
BLYSVD Lab Dup 7/24/01 0 51.915 0 2.67986 0 0 
% Difference 0.00% 0.01% 0.00% 0.16% 0.00% 0.00% 
1/10 BLYSVD 7/24/01 0.135282 6.50721 0 0.505388 0 104.605 
1/10 BLYSVD Lab Dup 7/24/01 0.132838 6.42554 0 0.499866 0 103.544 
% Difference 1.82% 1.26% 0.00% 1.10% 0.00% 1.02% 
MLS-3-R 8/9/01 19.0458 0 0.81938 0 95.5429 
MLS-3-R LAB DUP 8/9/01 19.0296 0 0.81614 0 95.423 0 
%difference 0.09% 0.00% 0.40% 0.00% 0.13% 0 
BLYSVD 9/8/01 15:35 0 -0.386905 0 0.508754 0 
BLYSVD lab dup 9/8/01 15:56 0 -0.771482 0 0.511874 0 
% difference -66.40% 0.61% 
Blanks 
Lab Blank 4/26/01 0 0.32509 0 0.0014702 0.0185969 0 
Lab Blank 4/26/01 0 0.322739 0 0 0.0107996 0 
Lab Blank 4/26/01 0 0.322874 0 0.0021331 0.0107943 0 
Lab Blank 4/26/01 0 0.322328 0 0.0014216 0.0110165 0 
Lab Blank 4/27/01 0 0.323228 0 0.003702 0 2.39308 
Lab Blank 4/27/01 0 0.321264 0 0.0019074 0 2.39083 
MW-4 Blank 042501 4/26/01 0 0.324287 0 0.0025228 0.0106623 0 
Lab Blank 5/31/01 0 0 0 
Lab Blank 6/2/01 0 0 0 
Lab Blank 6/28/01 0 0.272474 0 0 -0.0422232 0 
Lab Blank 6/28/01 0 0275284 0 0 -0.0455981 0 
Lab Blank 6/28/01 0 0.277872 0 0 -0.0643137 1.64241 
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Lab blank 7/11/01 0 0.29207 0 0 -0.0292137 0 
LAB BLANK 7/11/01 0 0.291492 0 0 -0.0178569 0 
Table A3 cont. 
Lab blank 7/11/01 0 0.290116 0 0 -0.0240663 0 
LAB BLANK 7/11/01 0 0.290998 0 0 -0.0271206 0 
LAB BLANK 7/11/01 0 0.287657 0 0 -0.0275181 0 
37084 
LAB BLANK 7/12/01 0 0.268765 0 0 -0.0498215 0 
LAB BLANK 7/12/01 0 0.269865 0 0 -0.0481039 0 
Blank 7/24/01 0 0.471077 0 0 0.159095 1.6408 
Blank 7/24/01 0 0.318409 0 0 0.136671 1.6554 
Blank 8/9/01 0.273858 0 0 0 1.51882 
Blank 8/9/01 0.273582 0 0 0 1.51541 -0.36165 
blank 9/8/01 15:05 0 -0.179502 0 0 0 0 
blank 9/8/01 17:58 0 -0.0412268 0 0 0 0 
LAB SPIKES 
Lab Blank 4/26/01 0 0.32509 0 0.0014702 0.0185969 0 
Fortified Lab Blank 4/26/01 0.102685 1.93358 0 0.10268 0.101589 11.6185 
% Recovery 102.69% 96.68% 102.68% 101.59% 96.82% 
1/2 MLS-5-W 4/27/01 0.0969635 5.9251 0 0.600345 0 23.8108 
1/2 MLS-5-W Spike 4/27/01 0.178319 7.32097 0 0.636333 0.0959611 33.6101 
% Recovery 91.05% 9942% 96.02% 95.96% 101.50% 
MLS-5-B 042501 4/26/01 0.192014 11.6932 0 1 15865 0.0289923 50.9508 
MLS-5-B 042501 Spike 4/26/01 0.274768 12.5317 0 1 14264 0.0837596 57.7993 
% Recovery 101.96% 100.39% 99.86% 83.76% 99.53% 
MW-1 042501 4/26/01 0.109817 13.8874 0 0.969004 0.0460098 29.5883 
MW-1 042501 Spike 4/26/01 0.192195 14.5572 0 0.975635 0.119058 38.5424 
% Recovery 93.36% 102.93% 103.53% 119.06% 99.27% 
MW-2 Spike Diln 5/31/01 14.6217 2.16015 48.2011 
MW-2 Spike 5/31/01 16.5951 2.24149 60.5659 
% spike recovery 98.67% n/a 103.04% 
MW-1 Spike Diln 5/31/01 12.4048 0.82182 23.8066 
MW-1 Spike 5/31/01 14.3718 0.925571 36.1868 
% spike recovery 98.35% 103.75% 103.17% 
1/5 MW-2 Spike Diln 5/31/01 2.78884 0.451338 9.44147 
1/5 MW-2 Spike 5/31/01 4.92573 0.561535 21.8298 
% spike recovery 106.84% 110.20% 103.24% 
MLS-5-G Spike Diln 5/31/01 27.7443 0.0734322 176.145 
MLS-5-G Spike 5/31/01 29.4575 0.172942 187.914 
% spike recovery n/a 99.51% n/a 
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Fortified Lab Blank 5/31/01 1.88849 0.0987894 11.3852 
% spike recovery 94.42% 98.79% 94.88% 
Table A3 cont. 
1/4 Sprinkler 6/2/01 6.37265 0.0664998 9.93006 
1/4 Sprinkler 6/2/01 8.43972 0.163675 21.6098 
% spike recovery 103.35% 97.18% 97.33% 
Lab Blank 6/28/01 0 0.272474 0 0 -0.0422232 0 
Fortified Lab Blank 6/28/01 0.0904293 1.80611 0.09298 0.0927838 0.100159 10.9072 
% Recovery 90.43% 90.31% 92.98% 92.78% 100.16% 90.89% 
MLS3B 062701 6/28/01 0.961376 24.9803 0 0.0224612 0.488049 72.5088 
MLS3B 062701 Spike 6/28/01 0.975383 24.4453 0.15323 0.109986 0.511614 76.8566 
% Recovery 110.14% 98.15% 153.23% 109.99% 72.37% 96.66% 
1/2 MLS-3-R 062701 6/28/01 0478225 12.8778 0 0.0081439 0.0555643 29.3501 
1/2 MLS-3-R 062701 Spike 6/28/01 0.526674 13.5813 0.12244 0.104801 0.117715 38.4102 
% Recovery 96.27% 99.56% 122.44% 104.80% 67.71% 99.96% 
Lab blank 7/11/01 0 0.29207 0 0 -0.0292137 0 
Fortified iab blank 7/11/01 0.103901 1.98047 0.09978 0.102345 0.080475 11.9457 
% Recovery 103.90% 99.02% 99.78% 102.35% 0.00% 99.55% 
MLS-3-W 7/11/01 0.461118 24.7308 0 1.59882 0 145.231 
MLS-3-W SPIKE 7/11/01 0.508367 24.2466 0.14127 1.54492 0.0710574 143.075 
% Recovery 93.36% 99.44% 141.27% 105.98% 0.00% 103.06% 
MLS-5-G 7/11/01 0.287016 12.1805 0 0.0071138 0.00818991 46.3603 
MLS-5-G SPIKE 7/11/01 0.364262 13.1252 0.1192 0.111694 0.0881311 54.5282 
% Recovery 105.95% 108.14% 119.20% 105.29% 0.00% 106.70% 
GKW-10 7/11/01 0.24985 15.2814 0 0.332439 0 55.1425 
GKW-10 SPIKE 7/11/01 0.332482 15.793 0.11916 0.400861 0.0674304 62.1875 
% Recovery 107.62% 101.99% 119.16% 101.67% 0.00% 104.66% 
1/2 SURF PAN #2 7/11/01 0.160946 10.9428 0 0.010422 0264817 23.4835 
1/2 SURF PAN #2 SPIKE 7/11/01 0.254433 12.1826 0.12997 0.114853 0.334945 34.185 
% Recovery 109.58% 116.70% 129.97% 105.47% 0.00% 108.75% 
LAB BLANK 7/12/01 0 0.268765 0 0 -0.0498215 0 
FORTIFIED LAB BLANK 7/12/01 0.103263 1.95954 0.10249 0.0999708 0.122105 11.9226 
% Recovery 103.26% 85.88% 102.49% 99.97% 0.00% 99.36% 
1/2 MLS-3-B 7/12/01 0.623063 11.7329 0 0.0158747 0.0558212 33.4294 
1/2 MLS-3-B SPIKE 7/12/01 0.653105 12.4536 0.12299 0.110811 0.134649 41.7876 
% Recovery 92.35% 94.70% 122.99% 96.52% 0.00% 97.51% 
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Blank 7/24/01 0 0.471077 0 0 0.159095 1.6408 
Fortified Blank 7/24/01 0.098303 1.92031 0.0933 0.099309 0 11.7657 
% recovery 98.30% 96.02% 93.30% 99.31% 0.00% 98.05% 
Table A3 cont. 
BLYSD 7/24/01 1.29685 46.5585 0 0.0072291 0.0985231 113.704 
BLYSD Spike 7/24/01 1.43164 44.6494 0 0.0981814 0.0754086 114.294 
% recovery 264.48% 137.34% 0.00% 91.68% 0.00% 99.67% 
1/4 BLYSD 7/24/01 0.52121 14.9729 0 0.100701 0 37.7847 
1/4 BLYSD Spike 7/24/01 0.454981 13.759 0 0 0 27.5186 
% recovery -14.11% 14.17% 0.00% -90.63% 0.00% -54.06% 
MLS-3-B 8/9/01 24.1514 0 0.68413 0.468471 97.62 
MLS-3-B Spike 8/9/01 23.9476 0 0.71929 0.518778 99.882 
% Recovery 1197.38% 0.00% 719.29% n/a 832.35% 
Blank 8/9/01 0273858 0 0 0 1.51882 
Fortified Blank 8/9/01 1.93015 0.114359 0.10083 0 11.841 
0.965075 1.14359 1.00831 0 0.98675 
Sample Name Date NH3 N03+N02 Total N 
Collected 
Error Analysis 
original 8/12/01 8.2 1.05 6.6 
duplicate 8/12/01 8.3 1.08 6.6 
% difference 0.01212121 0.028169014 0 
Spiked analysis % 
recovery 
8/12/01 103 105 115 
Sample name Absorbance NH3 conc. Concentration % difference 
fabs) equation NH3 (ma/U 
4/25/01 
MW-1 0.16 0.061468 bdl 
MW-1 lab dup 0.172 0.0810556 bdl 7.23% 
MW-4 0.205 0.1349215 bdl 
MW-4 FD 0.195 0.1185985 bdl 5.00% 
MW-4 split 0.203 0.1316569 bdl 0.98% 
MW-4 lab dup 0.222 0.1626706 bdl 7.96% 
5/31/01 
MLS-4-W 0.140 -0.022912 bdl 
MLS-4-W LAB DUP 0.162 0.0133704 bdf 14.57% 
SPRINKLER 0.385 5.71713 5.71713 
SPRINKLER lab dup 0.380 5.59344 5.59344 1.31% 
GKW-10 0.219 0.1073748 bdl 
GKW-10 FD 0.393 0.3943356 bdl 56.86% 
6/25/01 
MLS-3-R 0.333 0.238664 bdl 
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MLS-3-R LAB DUP 0.348 0.264284 bdl 4.41% 
MLS-4-R 0.188 -0.008996 bdl 
MLS-4-R LAB DUP 0.207 0.023456 bdl 9.62% 
MW-5 0.222 0.049076 bdl 
MW-5 LAB DUP 0.230 0.06274 bdl 3.54% 
7/12/01 Table A3 cant. 
Surf. Pan #3 2.22 3.321156 3.321156 
Surf. Pan #3 lab dup 2.235 3.345753 3.345753 0.67% 
MW-1 0.197 0.0038406 bdi 
MW-1 LAB DUP 0.202 0.0120396 bdl 2.51% 
MLS-3-B 0.255 0.098949 bdl 
MLS-3-B FD 0.259 0.1055082 bdl 1.56% 
MLS-5-R 0.197 0.0038406 bdi 
MLS-5-R LAB DUP 0.201 0.0103998 bdl 2.01% 
MW-5 0.19 -0.007638 bdi 
MW-5 LAB DUP 0.198 0.0054804 bdi 4.12% 
8/12/01 
MW-1 0.181 0.0286575 bdl 
MW-1 DUP 0.182 0.030265 bdi 0.55% 
MLS-5-B 0.187 0.0383025 bdl 
MLS-5-B LAB DUP 0.183 0.0318725 bdi 2.16% 
SURFACE PAN #3 1.383 1.9608725 1.96 
SURFACE PAN #3 
DUP 
1.378 1.952835 1.95 0.36% 
GKW-10 0.299 0.2183425 bdl 
GKW-10 FD 0.175 0.0190125 bdl 52.32% 
9/8/01 
BLYSD 0.369 0.1923472 bdi 
BLYSD LAB DUP 0.415 0.261752 bdi 11.73% 
BLYSS 0.495 0.382456 bdi 
BLYSS LAB DUP 0.51 0.405088 bdi 2.99% 
Infiltration of Tracer 
In May 2001, a soil pit was dug, 2 ft by 3 ft and 26 in. deep at both sites of dye 
application. Rhodamene-WT dye is a bright pink, relatively conservative tracer, 
identifiable by its color. Two pathways of flow were observed, flow along roots and 
within the soil matrix. Depths of dye infiltration from the land surface were measured 
with a tape measure. At BNest, along the roots, depths ranged from 4-9 in., while within 
the soil matrix the depths ranged from 0.75-8 in. Depths to which dye was measured 
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below land surface are given in Appendix E. At NMNest, depths of dye observed 
along the roots ranged from 7-9.25 in. and within the soil matrix ranged from 1.5-7 in. 
When the second soil pit was dug after the 2001 irrigation season, no dye was 
observed in the soil at either the control site or the irrigated site. However, bromide was 
added to the solution that was sprayed on the soil surface for the second tracer test. Soil 
samples were taken at different horizons were stored plastic bags and transported in a 
cooler and returned to the lab. The samples were sieved with a size 35 American sieve 
(0.5 mm), before water extraction using a 1:1 water.soil ratio. The extracts were 
analyzed for bromide concentration using the Ion Chromatograph. Results are shown in 
Table A4. 
Sample Name-
Soil Horizon 
Collection Date Bromide (mg/kg soil) 
BNest-A 11/1/01 0 
BNest-B 11/1/01 0 
Bnest-C1 11/1/01 0 
Bnest-C1 lower 11/1/01 0 
Bnest-C2 11/1/01 0 
NM-A 11/1/01 1 15974 
NM-B 11/1/01 2.00693 
NM-C1 11/1/01 0.701545 
NM-C1 lower 11/1/01 0.157834 
NM-C2 11/1/01 0 
Effluent Chemistry 
Table A5. Sewage effluent, surface pan, and precipitation chemistry. 
Sample Name Collection Date Coliform PH Cond 
(mS) 
Temp 
(C) 
F CI NO2*-N NO3-N NH3-N Total N PO43-P SO/ 
dl/pql (ppm) 1 col/100ml 0.05 1.0 0.05 0.1 0.5 0.5 0.05 6.0 
INFLOW (before UV 
treatment) 
7/19/00 575 23.6 <pql 45.9 
OUTFLOW (after UV 
treatment) 
7/19/00 575 23.7 <pql 45.6 
SPRINKLER 7/20/00 600 22.9 <pqi 45.8 
SPRINKLER 6/2/01 <pql 28.3 <pql 0.290 5.72 <pql 44.2 
SPRINKLER 6/27/01 0.27 21.7 0.09 <pql 4.34 0.641 45.7 
SPRINKLER 7/11/01 <1986, 6* 0.29 21.9 <pql <pql 3.58 0.535 46.9 
SPRINKLER 8/13/01 192 7.24 0.621 22.4 0.20 22.4 <pql 0.132 3.29 6.10 0.665 45.8 
PRECIPITATION 7/24/01 <pql 1.75 <pql 0.416 3.27 <pql 9.06 
PRECIPITATION 9/7/01 <pqi <pqi <pql 0.603 0.357 <pql <pql 
Surface pan #1 a/13/01 12:56 P/A+EC+ 8.10 0.580 26.5 0.21 24.04 <PQL <PQL 2.49 9.20 0.75 47.60 
Surface pan #2 8/13/01 13:16 100 0.21 24.08 <PQL <PQL 3.20 6.60 1.02 47.18 
Surface pan #3 8/13/01 12:35 0.22 24.33 <PQL 0.05 1.96 0.54 47.47 
Surface pan #4 8/13/01 13:06 8.88 0.566 27.6 0.21 24.35 <PQL <PQL 2.30 0.63 47.60 
Surface pan #5 8/13/01 12:46 8.52 0.595 25.4 0.21 24.99 <PQL <PQL 2.11 0.66 49.66 
Surface pan #6 8/9/01 14:16 8.37 18.6 0.26 25.19 <PQL <PQL 2.48 0.75 50.83 
Surface pan #1 7/11/01 14:34 0.30 22.28 <PQL <PQL 3.16 0.54 48.15 
Surface pan #2 7/11/01 14:03 0.30 21.89 <PQL <PQL 3.33 0.54 47.48 
Surface pan #3 7/11/01 19:48 0.30 21.72 <PQL 0.05 3.32 0.58 48.35 
Surface pan #4 7/11/01 18:37 0.32 22.05 0.06 <PQL 3.14 0.60 48.34 
Surface pan #5 7/11/01 13:53 <2500,34* 0.30 22.21 0.06 <PQL 3.20 0.53 47.91 
dl = detection limit 
pql = probable quantitative limit 
P/A- EC- = not contaminated with coliform or fecal coliform 
P/A+ EC- = contaminated with coliform, fecal coliform absent 
#COL/100ML = # coliform bacteria colonies per 100ML 
*fecal 
Soil 
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Table A6. Soil chemistry, Total N (Sites located in Figure 4 of text). 
Sample 
Name 
Nitrogen 
(%) 
Total N (mg/kg 
soil) 
<0 
£ 
1A 0.249 2490 
IB 0.167 1670 
CO 2A 0.224 2240 
o 2B 0.172 1720 
c 3A 0.226 2260 
o 
o 
3B 0.200 2000 
3C1 0.210 2100 
4A 0.218 2180 
4B 0.166 1660 
4C1 0.136 1360 
5A 0.141 1410 
5B 0.124 1240 
5C1 0.118 1180 
7A 0.198 1980 
CO 
3 
8A 0.689 6890 
8B 0.295 2950 
(0 8C1 0.298 2980 
"D 
O 
(0 
8C2 0.218 2180 
10B 0.406 4060 
O) 12A 0.246 2460 
w 12B 0.219 2190 
15A 0.297 2970 
15B 0.210 2100 
15C1 0.195 1950 
16B 0.202 2020 
16C2 0.180 1800 
17A 0.296 2960 
17B 0.223 2230 
17C2 0.167 1670 
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Table A7. 
Soil Chemistry-Nitrate 
Samples collected 8/27/01, Analyzed 
8/28-30/01 
Location in Figure 4 of text. 
Sample Soil Nitrate 
(ma/ka soil) 
dl 0.10 
C
on
tr
ol
 s
ite
s 1A 9.1 
C
on
tr
ol
 s
ite
s 
1B 5.9 
C
on
tr
ol
 s
ite
s 
2A 7.1 
C
on
tr
ol
 s
ite
s 
2B 4.8 
C
on
tr
ol
 s
ite
s 
3A 77 
C
on
tr
ol
 s
ite
s 
3B 11 C
on
tr
ol
 s
ite
s 
3C1 2.1 
Ir
ri
ga
te
d 
S
ite
s 
4A 8.1 Sample Soil Nitrate (ma/ka soil) 
Ir
ri
ga
te
d 
S
ite
s 
4B 6.3 15A 29 
Ir
ri
ga
te
d 
S
ite
s 
4C1 1.2 15B 15 
Ir
ri
ga
te
d 
S
ite
s 
5A 1.5 15C1 13 
Ir
ri
ga
te
d 
S
ite
s 
5B 2.6 15C2 15 
Ir
ri
ga
te
d 
S
ite
s 
6A 9.8 16A 30 
Ir
ri
ga
te
d 
S
ite
s 
6B 6.5 16B 17 
Ir
ri
ga
te
d 
S
ite
s 
6C 6.6 16C1 20 
Ir
ri
ga
te
d 
S
ite
s 
7A 12 16C2 13 
Ir
ri
ga
te
d 
S
ite
s 8A 36 17A 14 
Ir
ri
ga
te
d 
S
ite
s 
8B 17 17B 32 
Ir
ri
ga
te
d 
S
ite
s 
8C1 44 17C1 19 
Ir
ri
ga
te
d 
S
ite
s 
8C2 34 17C2 24 
Ir
ri
ga
te
d 
S
ite
s 
9B 7.0 
Ir
ri
ga
te
d 
S
ite
s 
10A 16 
Ir
ri
ga
te
d 
S
ite
s 
10B 26 Ir
ri
ga
te
d 
S
ite
s 
11C1 89 
Ir
ri
ga
te
d 
S
ite
s 
12A 23 
Ir
ri
ga
te
d 
S
ite
s 
12B 14 
Ir
ri
ga
te
d 
S
ite
s 
12C1 14 
Ir
ri
ga
te
d 
S
ite
s 
13B 20 
Ir
ri
ga
te
d 
S
ite
s 
13C1 21 
Ir
ri
ga
te
d 
S
ite
s 
14A 12 
Ir
ri
ga
te
d 
S
ite
s 
14B 16 
Ir
ri
ga
te
d 
S
ite
s 
14C1 25 
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Soil Salinity 
Using a clean shovel, soils samples from just below the surface to approximately 4 in. 
depths were taken for measuring soil salinity. Roots and obvious litter were picked out, 
and soil was measured to 50 ml volumetric beaker, and 50 ml of milli-Q water was added 
and stirred to make the soil paste. Electrical conductivity in milli-Siemens per centimeter 
of the paste was taken in the field using an EC meter, manufacturer instructions were 
followed. Two samples were collected at the control site, four in the irrigated fields and 
one field duplicate obtained. Sample locations were randomly selected, to achieve a 
moderate representation of irrigated and non-irrigated conditions. NMNest and BNest 
names were used because these sample locations were close in proximity to the 
unsaturated zone monitoring instrument nests in B and North Meadows fields. Table A8 
shows field measurements taken. 
Table A8. 
Site Conductivity (mS/cm) 
BNest 0.156 
A3a 0.179 
A3b 0.189 
A4 0.212 
A4 field dup 0.179 
NMNesta (control site) 0.293 
NMNestb (control site) 0.289 
Calibration 14% 
Error 17% 
Error Analysis 
For each round of monthly water sampling during the irrigation season, the 
sampling included ten percent field duplicates and trip blanks and the analysis included 
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ten percent laboratory duplicates, spikes, blanks, and standard runs. Error analysis 
included error propogation of standard percent differences and percent duplicates of 
laboratory duplicates by analyte. After propogating the error between standards and 
duplicates, monthly error per analyte was averaged. The monthly error percentages were 
averaged to get a final total percent error per analyte. Table A9 gives the percent error 
for each analyte. 
Soil sampling for chemistry was only done once. The sampling included ten 
percent field duplicates and analysis included five percent laboratory duplicates, blanks, 
and standard runs. Error analysis was involved error propogation between standard 
percent differences and lab duplicates. Table A9 includes the water and soil chemistry 
error analysis. 
Table A9. 
Fluoride Chloride Bromide Nin 
Nitrite 
N in 
Nitrate 
Pin 
Phosphate 
Sulfate 
7.83% 3.66% 2.34% 6.54% 2.19% 51.3% 1.94% 
Total N NH3 Alkalinity Total N 
(soil) 
N in 
Nitrate 
(soil) 
Amm-onium 
(soil) 
Salinity 
(soil) 
0.00% 4.57% 2.96% 7.05% 11.1% 62.3% 17% 
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Precipitation 
On May 31,2001 a precipitation tipping bucket from Ben Meadows was installed 
with an electronic event recorder from Onset. The tipping bucket was installed on a 
fencepost, on the edge of Field B, following manufacturer instructions. As the tipping 
bucket measures the water collected, it falls onto the ground. The Event recorder was 
installed following manufacturer instructions, setting date and time within the recorder. 
Using Boxcar software on a portable computer, the event recorder data can be 
downloaded. Data were downloaded approximately every month. 
Tipping bucket precipitation data: 
Date Time 0.01" oreciD Events Date Time 0.01" Drecip Events 
05/31/01 13:01:00 0 Start 06/13/01 06:40:00 0.23 238.674 
06/03/01 05:50:00 0.01 0.370 06/13/01 06:57:00 0.24 83.357 
06/03/01 07:44:00 0.02 12.621 06/13/01 07:02:00 0.25 274.286 
06/03/01 08:16:00 0.03 45.414 06/13/01 07:36:00 0.26 43.211 
06/03/01 08:42:00 0.04 56.067 06/13/01 08:16:00 0.27 36.090 
06/03/01 08:53:00 0.05 128.000 06/14/01 16:25:00 0.28 0.746 
06/03/01 10:22:00 0.06 16.227 06/14/01 16:27:00 0.29 720.000 
06/03/01 10:39:00 0.07 82.521 06/18/01 01:28:00 0.3 0.296 
06/03/01 11:02:00 0.08 61.913 06/18/01 01:36:00 0.31 171.769 
06/03/01 11-11:00 0.09 164.728 06/18/01 05:55:00 0.32 5.573 
06/04/01 10:37:00 0.1 1.025 06/18/01 15:30:00 0.33 2.503 
06/04/01 10:57:00 0.11 70.301 06/24/01 18:43:00 0.34 0.163 
06/11/01 20:59:00 0.12 0.135 06/27/01 12:15:00 0.35 0.366 
06/11/01 21:30:00 0.13 46.514 06/03/01 11-11 0.09 0.09 
06/12/01 18:46:00 0.14 1.128 06/04/01 10:57 0.11 0.02 
06/12/01 19:19:00 0.15 44.605 06/11/01 21:30 0.13 0.02 
06/12/01 21:56:00 0.16 9.139 06/12/01 21:56 0.16 0.03 
06/13/01 05:26:00 0.17 3.198 06/13/01 8:16 0.27 0.11 
06/13/01 05:51:00 0.18 58.656 06/14/01 16:27 0.29 0.02 
06/13/01 05:58:00 0.19 207.942 06/18/01 15:30 0.33 0.04 
06/13/01 06:12:00 0.2 99.597 06/24/01 18:43 0.34 0.01 
06/13/01 06:19:00 0.21 231.325 06/28/01 5:31 2.25 1.91 
06/13/01 06:34:00 0.22 94.633 07/09/01 18:36 2.65 0.4 
Another precipitation gauge, Clear Vu plastic wedge rain gauge, was installed on 
the same fence post as the tipping bucket. This is a gauge to collect the rainfall, as 
concentration of nitrogen components in precipitation were needed to consider 
atmospheric deposition. 
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Evapotranspiration 
ETgage (modified atmometer) from Ben Meadows was installed July 18,2001. 
The potential evapotranspiration measured during the 2001 irrigation season was used for 
values during the 2000 season. Temperature and precipitation data from the two seasons 
were sufficiently similar to justify this reference. ET measurements were taken twice a 
month after installation. Since there were insufficient data for the entire irrigation 
season, the total ET over the total number of days was computed. This number was 
divided by the total number of days ET was measured to calculate inches of ET per day. 
The number of days in each month multiplied by inches per day, gives inches of 
evapotranspiration per month. This number was used in the water budget in the text. 
Etgauage data: 
Date # Days since 
installation 
Evaporated 
(in.) 
Evaporated 
since last 
checked 
Days past 
since last 
checked 
7/18/01 0 0 0 
7/20/01 2 0.2 0.2 2 
7/23/01 5 1.65 1 45 3 
8/1/01 14 2.2 0.55 9 
8/8/01 21 3.85 1.65 7 
9/7/01 58 10.1 6.25 37 
For comparison, evapotranspiration was also calculated using the Blaney-Criddle 
procedure (ASCE, 1990). ET = Kc x Kt x (tp/100), where Kc = monthly growth stage 
coefficient, Kt = climate coefficient (Kt = 0.0173t - 0.314), t = mean monthly 
temperature, and p = percentage of daylight hours of the year occurring during a 
particular month. This method uses monthly precipitation, mean monthly 
temperature, monthly total daylight hours given the site latitude, and the crop coefficient 
related to crop type. It is important to note that this method does not consider wind, 
which would appear to be a factor when sprinkler irrigating a grass crop on terraced 
fields. 
E Kc t ET (in) 
May 0.099 0.95 62.9 5.92 
June 0.1 0.95 71 7 6.81 
July 0.101 0.95 80.1 7.69 
August 0.094 0.95 79.7 7.12 
September 0.083 0.95 69.5 5.48 
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Soil Physical Properties 
A variety of standard soil tests determined the properties listed below. The 1986 
Agronomy Methods of Soil Analysis Part 1 from the Soil Science Society of America 
contains the detailed methodologies of these standard physical soil analyses. 
Soil Bulk Density 
The soil samples were taken in the field using a shovel or hand auger and stored 
in plastic bags, so all of the samples were disturbed. Bulk density is dry soil weight 
divided by the volume. Listed below are bulk density ranges for grain sizes, according to 
Brady (1990). 
Sand: 1.7- 1.85 g/cm3 
Silt: 1.3 g/cm3 
Clay: 1.1 g/cm3 
Soil samples were collected from the different soil horizons, at randomly selected sited 
within the irrigated fields. Data are listed below. The average bulk density (pb) was 1.51 
g/cm3. 
Sample Bulk Density 
Horizon (q/cu.cm) 
A 
A 
A 
B 
B 
C 
C 
C 
1.15 
1.44 
1.36 
1.30 
1.27 
1.92 
2.00 
1.65 
1.51 Average 
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Porosity 
O = (1-pb/pg), where pb is bulk density and ps is particle density. Particle density 
is the density of grains composing the porous media, defined as the mass of solids per 
unit volume. Using the average bulk density (1.51 g/cm3) and particle density for most 
rock and soil (2.65 g/cm3 , Fetter, 1994), the porosity is 0.43 for the entire column of soil. 
Broken down into horizons, porosity of A = 0.50, B = 0.52, and C = 0.30. Tindall and 
Kunkel (1999) give the range of porosity for sand and gravel soils from 0.30 to 0.45, and 
0.40 to 0.50 for a silty soil. 
Grain Size Analysis 
Table CI below gives grain size data. Grain size analysis was performed on each 
of horizons A, B and C. The C horizon results are combined CI and C2 horizons. 
Sediments are classified based on the diameter of the individual grains. The grain size 
fraction was determined by shaking the sand and gravel through a series of sieves with 
decreasing mesh openings (Table CI, Friedman and Sanders, 1978). The gradation of the 
fines was determined by hydrometer tests, which is based upon the rate that the sediment 
settles in water (Gee and Bauder, 1986). Table C2 provides hydrometer test results 
which were incorporated into Table CI results. 
Soil Hydraulic Properties 
Values for van Genuchten model parameters were either estimated based upon 
literature values or model default values for specific materials were used. For a coarse­
grained medium sand with up to 50% gravel, Mace et al. (1998) used alpha values 
between 0.20 and 0.30 cm"1. Beta values for the same material were between 1.297 and 
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3.434. Woosten and van Genuchten (1988) used an alpha value of 0.0551 cm"1 and 
beta value of 2.430 for a coarse soil. One particular model within Mace et al. (1998) 
calibrated to their conditions well, and the values used for this particular model were used 
in models presented in this text. Values used for simulation #1-3 are described in the 
methods section. 
Saturated conductivity 
To calculate saturated hydraulic conductivity of study soils, falling head 
permeameter tests were run on the disturbed soil samples taken for chemical analysis 
(locations of sample collection shown in Figure 4 of text). The samples were taken by 
hand augering to correct depth for each horizon and stored in plastic bags, therefore the 
samples were disturbed before running falling head permeameter tests. Samples were air 
dried before permeameter analysis was performed. The permeameter apparatus and 
method performed was modeled after that described by Fetter (1994) pg 104. Results and 
average saturated hydraulic conductivity values are shown in Table C3. 
As a second method for estimating hydraulic conductivity, the grain size 
distribution was used in the Fair-Hatch method (Todd, 1959). For the equation, water 
temperature was assumed to be 15 C°, grains were assumed to be more spherical in 
geometric shape (due to their fluvial origin), and the packing factor was experimentally 
formulated to be 5 (Freeze and Cherry, 1979). Results of saturated hydraulic 
conductivity using the Fair-Hatch equation follow 
Using Fair-Hatch 
Equation: 
Soil ABC 
Horizon: 
Ks(cm/h Ks(cm/h Ks(cm/h 
) ) ) 
35.02 28.83 15.31 
7.75 1 47 84.06 
0.83 
AVG 14.5 15.2 49.7 
Tabled. Grain 
Size 
A horizon 
Sieve size 
>10 
>35<10 
Grain size 
(mm) 
Weight (g) % Weight Grain size 
>2 
0.5-2 
0.06-0.4 >170<35 + 
Hydrometer(40sec) 
Hydrometer (2hrs) 0.002-0.06 
Hydrometer <0.002 
128.37 30.7% Coarse sand 
171.92 41.1 % Medium sand 
115.49 27.6% Fine sand 
1.66 
1.19 
0.4% 
0.3% 
Silt 
Clay 
A horizon 
Sieve size 
>10 
>35<10 
>170<35 + 
Hydrometer(40sec) 
Hydrometer (2hrs) 
Hydrometer 
Grain size Weight (g) % Weight Grain size 
(mm) 
24.5% Coarse sand 
44.4% Medium sand 
28.8% Fine sand 
>2 
0.5-2 
0.075-0.4 
0.002-0.06 
<0.002 
99.7 
180.85 
117.43 
5.72 
3.78 
1.4% 
0.9% 
Silt 
Clay 
A horizon 
Sieve size 
>10 
>35<10 
Grain size Weight % Weight Grain size 
(mm) JgJ_ 
>2 
0.5-2 
0.075-0.4 >170<35 + 
Hydrometer(40sec) 
Hydrometer (2hrs) 0.002-0.06 
Hydrometer <0.002 
119.3 
286.17 
194.26 
33.24 
23.82 
18.2% 
43.6% 
29.6% 
5.1% 
3.6% 
Coarse 
sand 
Medium 
sand 
Fine sand 
Silt 
Clay 
B horizon B horizon 
Sieve size Grain size 
(mm) 
Weight (g) % Weight Grain size Sieve size Grain size 
(mm) 
Weight (g) % Weight Grain size Averages A horizon 
%wt 
B horizon 
%wt 
C Horizon 
%wt 
>5/8" >16 55.94 19.4% Coarse Gravel >5/8" >16 94.22 14.8% Coarse Gravel Coarse Gravel - 17.1% 31.8% 
>5<5/8" 5.0-16 111.91 38.9% Fine gravel >5<5/8" 5.0-16 102.55 16.1% Fine gravel Fine gravel - 27.5% 31.7% 
>10<5 2.0-5 26.66 9.3% Coarse sand >10<5 2.0-5 91.9 14.4% Coarse 
sand 
Medium sand 
Coarse sand 24.4% 11.9% 9.8% 
>35<10 0.4-2 53.43 18.6% Medium sand >35<10 0.4-2 187.91 29.5% Medium sand 43.0% 24.0% 15.6% 
>170<35 + 
Hydrometer(40sec) 
Hydrometer (2hrs) 
0.075-0.4 
0.002-0.06 
36.65 
1.84 
12.7% 
0.6% 
Fine sand 
Silt 
>170<35 + 
Hydrometer(40sec) 
Hydrometer (2hrs) 
0.075-0.4 
0.002-0.06 
127.38 
19.22 
20.0% 
3.0% 
Fine sand 
Silt 
Fine sand 
Silt 
28.7% 
2.3% 
16.4% 
1.8% 
9.8% 
0.7% 
Hydrometer <0.002 1.27 0.4% Clay Hydrometer <0.002 13.2 2.1% Clay Clay 1.6% 1.3% 0.4% 
Texture Ciass Med. Sand Gravelly Med. Gravel 
Sand 
C Horizon 
Sieve size Grain size (mm) Weight (g) % Weight Grain size 
C Horizon 
Sieve size Grain size 
(mm) 
Weight (g) % Weight Grain size 
>5/8" >16 471.08 26.3% Coarse Gravel >5/8" >16 475.21 37.4% Coarse 
Gravel 
>5<5/8" 5.0-16 652.86 36.4% Fine gravel >5<5/8" 5.0-16 343.5 27.1% Fine gravel 
>10<5 2.0-5 186.05 10.4% Coarse sand >10<5 2.0-5 118.45 9.3% Coarse 
sand 
>35<10 0.4-2 290.42 16.2% Medium sand >35<10 0.4-2 191.04 15.0% Medium 
sand 
>170<35 + 0.075-0.4 182.11 10.1% Fine sand >170<35 + 0.075-0.4 120.11 9.5% Fine sand 
Hydrometer(40sec) Hydrometer(40sec) 
1.1% Silt Hydrometer (2hrs) 0.002-0.06 7.46 0.4% Silt Hydrometer (2hrs) 0.002-0.06 13.42 
Hydrometer <0.002 4.41 0.2% Clay Hydrometer <0.002 7.94 0.6% Clay 
H—* to ON 
Table C2. 
2/2/02 Hydrometer Readings 
A Adup B C 
40sec. 42 39 49 38 
40 sec. 39 40 49 40 
40sec. 40 40 48 41 
avg 40 sec 40.33 39.67 48.67 39.67 
2 hrs 18 17 21 16 
%Sand 23.3 24.7 6.7 24.7 
%Silt 44.7 45.3 55.3 47.3 
%Clay 32.0 30.0 38.0 28.0 
Table C3. Soil 
Permeameter Tests 
Falling head permeameter (Fetter, 1994-
pg105) 
Tests done at the Fort 12/19-12/23 
Sample 
Name 
dc (in.) dt (in.) L (in.) h (in.) ho (in.) t (min.) K (in/min) K (cm/h) Average K 
(cm/h) 
A 4 0.625 3.5 24.75 27.5 1 0.009 1.37 1.32 
A 4 0.625 4.5 15.25 22.25 5 0.008 1.26 
B 4 0.625 4.5 23 27 1 0.018 2.68 29.8 
B 4 0.625 2.75 16.25 32.5 0.08 0.558 85.11 
B 4 0.625 5 17.25 26.25 5 0.010 1.56 
C1 4 0.625 3.5 17.75 24.25 0.25 0.107 16.25 10.5 
C1 4 0.625 3.625 17.5 23.25 0.25 0.101 15.33 
C1 4 0.625 4.75 12 13.33 123 0.000 0.02 
C2 4 0.625 3.5 4 25.5 173 0.001 0.14 0.289 
C2 4 0.625 3.75 23.5 27.5 5 0.003 0.44 
Equation: 
K = (dt2*L/dc2*t )*ln(ho/h) 
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Groundwater 
Monitoring Well Design and Installation 
Five monitoring wells were drilled by O'Keefe Drilling using a hollow stem auger 
on August 25-29,1997 (MW 1-5). Atlatl Inc. consultants provided oversight of drilling. 
Figures D1 through D5 are diagrams and logs of wells MW 1-5. Monitoring wells are 
constructed of 2 in diameter PVC casing and have 20 ft of 20 slot screen length. Bore 
holes were 8-1/4 in., finished with 10-20 sand pack around the screened interval, and 3/8 
hole plug to surface. Atlatl Inc. was responsible for well development, and used a surge 
and pump method until turbidity deceased and pH and conductivity were stable. 
Two additional monitoring wells were drilled by Maxim Technologies on May 
23-24,2000- I provided oversight of well completion. A hollow stem auger drill rig was 
used to drill 8 in. hole. Monitoring wells are constructed of 2 in. PVC casing, 5 ft screen 
lengths, and 10 slot screen. Wells were finished with 10-20 silica sand pack in screened 
interval and natural fill and bentonite to surface. Figures D6 and D7 show diagrams of 
wells GKW 10 and GKW-11. Figures D8 and D9 show well logs. Following installation, 
monitoring wells and piezometers were developed to remove the residual materials 
remaining in the wells after installation was complete, and to re-establish the natural 
hydraulic flow conditions. These two wells were developed by repeated surging and 
purging until turbidity decreased and pH and conductivity were stable. After well 
development, the well casings were capped to ensure sample integrity. The well casings 
were permanently marked with the well number 
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Figure D6. 
GKW-10 
Drilled with 8" hollow stem auger 
(not to scale) 
bentonite 
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formation 
collapses 
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Figure D8. 
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Multi-level Well Design and Installation 
Three multi-level piezometers were drilled using a Model 5400 Geoprobe on May 
18,2000. One-half in. diameter cpvc hot water pipe was sawed to correct length and 
rinsed out with tap water. The end to be put in the ground was drilled to create several 
holes on bottom 1.5", and was covered with nylon mesh by a rubber band. Polyethylene 
tubing was cut to appropriate lengths. The bottom 2 in of tubing were slotted with a knife 
and then covered with nylon mesh by rubber bands. Tubing was attached to the cpvc by 
plastic clasps. Master flex silicon tubing was cut and put on the top ends of the 
polyethylene tubing. Lengths were cut to have the deepest port be the shortest tubing 
above the top of the cpvc, while the shallowest port has the longest tubing. To aid in 
identification, colored electrical tape was put around the tubing: 
Unmarked = deepest port (inside cpvc) 
Red = deep port 
Blue = middle 
Green = shallow 
Yellow = shallowest (where present) 
Ends of tubing were covered with cling wrap and rubber bands. Using the Geoprobe and 
a flush coupled 2 in. outer diameter steel casing, equipped with a nylon disposable tip, 
holes were driven to an appropriate depth. Depth was chosen so that several ports would 
be finished below the water table and one port above the water table. Drill casing and 
rods were decontaminated between sites by brushing and rinsing with Milli-Q water. The 
well was dropped into the casing, still in the hole. The natural fill dropped back in on the 
well as the casing was lifted. This depth from surface to collapsed soil was noted. Silica 
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sand was added in hole up to approximately 1 ft below surface. Bentonite was added 
to the surface. Figures D10 - D12 show diagrams of wells MLS 3-5. These wells were 
developed by repeated surging and purging until turbidity decreased and pH and 
conductivity were stable. 
Figure D10. 
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Figure D12. 
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'A'A'A'A'A*.̂  
'A'.̂ 'A'A'A'A k\ws\ pa a/a/a/a/i 
-5.5' Green port 
-7.0' Blue port 
-8.5' Red port 
-10.5' Well BOH 
1/2" CPVC well 
2" Geoprobe drill casing 
144 
Monitoring and Sampling Procedures 
Water levels were measured monthly in monitoring wells using an electronic 
water level meter. Table 13 shows data from May 2000 through August 2001. 
One monitoring well (MW-3) was fixed with a continuous water level recorder in 
June 2000. This electronically recorded a water level measurement hourly. Another 
continuous level recorder was installed in monitoring well GKW-11 in July 2001. The 
data were downloaded off the recorder onto a computer monthly. Figures 20 and 21 
show the hydrographs from these wells. 
Wells were purged with three times the bore volume prior to sampling in order to 
remove stagnant water. Groundwater samples were collected using a peristaltic pump, 
dedicated tubing, and in-line filtering (0.45 um) apparatus. As samples were collected, 
pH, conductivity, and temperature measurements were performed pH measurements 
were taken using an Orion pH portable field meter, and conductivity measurements were 
taken with an Orion conductivity portable field meter. Appendix A provides this data. 
Samples were filtered and preserved, when appropriate, and collected in Nalgene plastic 
bottles. They were stored on ice in a cooler until transported to the laboratory for 
preparation and analysis. Samples were stored at 4° C in a secured area until preparation 
began. Chemistry data for all samples are in Appendix A. 
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APPENDIX E 
SOIL WATER 
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Soil Water 
There are five nests used to monitor and sample soil water in irrigated fields. 
They are ANest#l, ANest#2, ANest#3, BNest. A fifth nest was installed in a non-
irrigated field as a control site, NMNest. Each nest contains tensiometers and suction 
lysimeters. Figure El is a diagram of a one of the nests, the others look similar. 
Tensiometer Installation 
There are two tensiometers in each field nest, at 6 in. and 12 in. depths. Jet fill 
tensiometers from Soil Moisture Equipment Corp. were used to monitor soil water matrix 
potential. The nest allows evaluation of the potential gradient and monitor soil water 
vertical movement. On May 18th and 19th, 2000 the tensiometers were installed. 
Tensiometer parts were attached first, the dial gauge, reservoir cap, and ceramic tip to the 
tensiometer body. The following installation procedure was used: 1) tensiometer cap 
was filled with Milli-Q water by pumping the cap to allow water to fill the entire unit 
completely to the top, making sure the sensing tip is thoroughly wetted and dripping. 2) 
A hole was created by pounding a in. diameter black steel pipe in the ground with a 
hammer to the appropriate depth. Where necessary, the hole was backfilled to ensure a 
tight fit, the soil in contact with tensiometer. Where the hole seemed larger than needed, 
silica flour was mixed with Milli-Q water to create a slurry and poured down the hole 
before inserting the tensiometer. Bentonite chips were placed around tensiometer from 
surface to about 1" depth. After several days passed, the first tensiometer reading was 
recorded. Figure E2 shows a diagram of the tensiometer. 
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Gypsum Block Installation 
At two of the nests in the irrigated fields, ANest#2 and BNest, a pair of Delhorst 
Instrument Company gypsum blocks were installed to monitor soil matrix potential at 
depths greater than the tensiometers could be installed. The blocks were installed on 
May 25,2001. Before installation the blocks were soaked and calibrated, according to 
manufacturer instructions. The Geoprobe was used to drill down to desired depth, a silica 
slurry was poured down the hole, and a single block was installed in each hole. The hole 
was backfilled with natural fill and some silica sand. Depths at Anest#2 were 2.0 and 3.4 
feet below land surface and 2.0 and 3.5 feet at BNest. Figure El shows the gypsum 
blocks in relation to other instrumentation at one nest. 
Figure El. 
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Suction Lysimeter Construction and Installation 
Each nest includes two suction lysimeters, approximately 6" and 15" depths, to 
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sample soil water and determine geochemical gradients. These were installed May 18 
and 19th, 2000. A third, deeper lysimeter was added at ANest#2 and BNest on May 25, 
2001. To construct the lysimeters, 1.5 in. diameter pvc was sawed to correct length, 
brushed inside and out with citronox soap and tap water, then rinsed off with deionized 
water before soaking in 5%HC1 overnight. Ceramic cups were soaked in 5% HC1 
overnight. The ceramic cups and pvc tubing were rinsed several times with Milli-Q 
water before being glued together with 60 second epoxy. Two pieces of new 
polyethylene tubing were cut to be placed through the two holes in new rubber stoppers 
for lysimeter tops. One piece of tubing is cut appropriate length to hit the bottom of the 
lysimeter, go through the stopper and be the taller of the two tubing pieces. The other 
piece of tubing is cut to an inch or two on both sides of the stopper. When there was 
difficulty getting the tubing through the stopper holes, silicone gel was used as a 
lubricant. Two pieces of silicon Master flex tubing were cut and placed on the 
polyethylene tubing ends to allow for clamping. With tops on, a hand pump was used to 
create a vacuum inside the lysimeters and adequate time passed to purge at least 400ml of 
Milli-Q water from inside the lysimeters. Lysimeters were individually wrapped in cling-
wrap and stored in Rubbermaid containers with lids until installation. 
To install the lysimeters, a stainless steel hand auger was used to make hole to the 
appropriate depth. Auger was decontaminated between sampling sites by rinsing and 
brushing with plastic scrub brush and tap water, then rinsed with Milli-Q water. Silica 
flour was mixed with Milli-Q water to create a slurry. Slurry was poured down the hole 
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to make good contact between soil and lysimeter. A lysimeter was inserted into the 
hole, making sure the slurry was deep enough to cover the ceramic cup. After the slurry 
set, approximately 2 in. of 70-silica sand was added and bentonite was added to the 
surface. Before creating a vacuum, when setting the instrument, N2 gas was purged 
through the tubing and lysimeter to ensure water sample collected inside lysimeter will 
not be changed due to the presence of oxygen. Using a hand pump, a vacuum was 
created in the lysimeters by pumping to 50-60 centibars. Tubing ends are kept covered 
with cling wrap and rubber bands. Figure E3 shows a diagram of a suction lysimeter. 
Figure E3. 
Lysimeter diagram 
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Monitoring and Sampling of Soil Moisture 
Unsaturated zone monitoring included monthly sampling of suction lysimeters 
and monitoring of tensiometers and gypsum blocks. Tensiometer data, read in negative 
centibars from the pressure gauge, are presented in Table E7. Graphs of the tensiometer 
data are in Figures E3 through E6. There is no figure for NMNest tensiometers because 
the site was extremely dry. Tensiometers at this site were often drawn down below the 
gauge outlet and were classified as unreliable. To convert gypsum block meter readings 
into soil moisture tension, the Delhorst Instrument Company Soil Moisture Tester (Model 
KS-D1) Operating Instructions were used (pages 3 and 4). Lysimeters were sampled 
monthly from Spring through Fall in 2000 and 2001. Samples were filtered and 
preserved, when appropriate, and collected in Nalgene plastic bottles. They were stored 
on ice in a cooler until transported to the laboratory for preparation and analysis. 
Samples were stored at 4° C in a secured area until preparation began. No soil water 
samples were collected from NMNest due to the dryness of the site. The site was 
checked each sampling event and lysimeters reset. 
Infiltration 
Two tracer tests were conducted on the soil to determine effluent infiltration 
depth, one set at a non-irrigated control site (NMNest) and a second in one of the 
irrigated fields (BNest) (Figure 6 in text). A hand pumped pressurized sprayer was used 
to apply 500 ml Rhodamene-WT dye with 1 gallon water to a 5 ft by 5 ft square surface 
of the soil on October 27, 2000. Rhodamene-WT is a bright pink dye that behaves 
conservatively in water (Kass, 1998). It was used for its ability to flow with the soil 
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water and its color to be seen in the soil. A pit was excavated April 29th, 2001 and dye 
depths observed and measured with tape. 
fh 
On May 16 , 2001 at the same sites as the previous tracer test, a second test was 
done, using lgal water with 500 ml dye and Bromide was added at a 1100 mg/L 
concentration. Bromide is an ion that behaves conservatively. This solution was spray 
applied, as before, to an adjacent undisturbed 25 sq. ft soil area. The sites were excavated 
and examined on October 12, 2001, after the irrigation season to determine the effects of 
irrigation on infiltration depths and potential pathways to the groundwater. Dye 
measurements taken are in Table El, and Appendix A reports the bromide soil chemistry 
results. 
Table El. Dye tracer measured infiltration depths. 
Dye Depths in Soil (in.) 
Bnest 
Mean 
St dev 
Root 
Zone 
3.5 
4.0 
8.0 
7.5 
9.0 
6.4 
2.5 
ft/lean 
St dev 
Soil Matrix 
1.5 
2.0 
3.3 
1.5 
2.0 
0.75 
8.0 
5.0 
2.5 
4.0 
7.5 
7.5 
3.5 
3.5 
1.8 
2.5 
2.5 
3.0 
3.3 
4.3 
4.0 
3.5 
2.0 
NMNest 
Mean 
St dev 
Root 
Zone 
9.0 
9.0 
9.3 
7.0 
8.0 
7.3 
9.5 
8.0 
9.0 
8.4 
0.91 Mean 
St dev 
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4.0 
4.5 
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4.0 
4.0 
3.5 
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1.5 
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1.5 
3.5 
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Figure E3. 
Tensiometer Data - Nest ATEN#1 
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Table E7. Tensiometer data, measured in negative centibars. Instrument names with prefix "A" are located in field A, prefix "B" are 
located in field B, and prefix "NM" are located in the North Meadows field (the control site). * = Attempts were made to measure soil 
moisture, however water level in column was below gauge, due to damage done to instrumentation, or due to great 
soil dryness causing water in the tensiometer to be pulled into the soil. 
2000 data 
Instrument ID 
ATEN6"-1 
ATEN12"-1 
ATEN6"-2 
ATEN12"-2 
ATEN6"-3 
ATEN12"-3 
BTEN6" 
BTEN12" 
NMTEN6" 
5/30/00 
58 
64 
59 
6/14700 
16 
10 
11 
12 
11 
6/16/00 
10 
10 
7/10/00 
15 
10 
10 
17 
18 
7/11/00 7/13/00 
18 
15 
32 
31 
7/17/00 
23 
7/18/00 7/20/00 8/4/00 
72 
12 
14 
8/28/00 
28 
24 
NMTEN12" 
2001 data 
Instrument ID 5/11/01 5/23/01 5/25/01 5/30/01 5/31/01 6/27/01 7/9/01 7/10/01 7/17/01 7/20/01 8/1/01 8/8/01 8/12/01 
ATEN6"-1 46 * * * 8.0 75 29 29 * 40 14 * 12 
ATEN12"-1 22 * * * 10 * 48 48 * 38 71 * 11 
ATEN6"-2 * * * * * 60 70 70 66 * 72 * * 
ATEN12"-2 38 * 51 * 68 14 42 42 70 * 70 * 72 
GYPSUMA2.0 * * * * * 41 1100 1100 1300 * * * * 
GYPSUMA3.4 * * * * * 30 29 29 29 * * * 2.0 
ATEN6"-3 39 * * * 32 0 0 0 0 * 15 * 55 
ATEN12"-3 28 * * * 24 9.0 6.0 6.0 3.0 * 16 * 37 
BTEN6" 18 * 14 * 25 74 46 46 39 43 20 32 * 
BTEN12" 46 * 0 * 10 67 28 28 27 60 6.0 14 * 
GYPSUMB2.2 * * * * * 20 * 120 550 * 20 10 * 
GYPSUMB3.5 * * * * * 20 * 10 20 * 20 10 * 
NMTEN6" * * * * * * * * * * * * * 
NMTEN12" 46 * * 69 * 76 55 55 * * * * * 
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APPENDIX F 
NITROGEN BALANCE 
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Precipitation 
The amount of nitrogen in precipitation is calculated using the concentration of 
nitrate in rain water. Nitrate as nitrogen was used due to the lack of Total N data 
available. 
Irrigation 
Using the mean of Total N concentrations in applied effluent, from both the 
sprinkler and the surface pans, the nitrogen added to the fields from sewage effluent 
irrigation was calculated. 
Plant Uptake 
The EPA Process Design Manual for land treatment of wastewater suggests 200 
to 300 kg/ha/yr nitrogen uptake for orchardgrass. The Agricultural Waste Management 
Field Handbook uses 202 kg/ha/yr nitrogen uptake for orchardgrass. For middle ground, 
this study used 250 kg/ha/yr and considered 80 percent of the fields to be covered with 
grass. Monthly values were calculated by making proportional to monthly 
evapotranspiration. 
Denitrification and volatilization 
The EPA Process Design Manual suggests using rates of 15 to 25 percent of 
applied nitrogen to account for denitrification and volatilization. This study will use 20 
percent of the applied nitrogen, which was calculated using mean Total nitrogen from 
sprinkler heads and surface pans. 
Storage 
The storage component of the nitrogen budget was calculated based on the 
difference in Total N concentrations between the control site and irrigated fields, over the 
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irrigated time. The average length of sprinkler transect (720ft length), top 25 in. of 
soil (depth), and judged amount of land sprinkled upon perpendicular to the transect (40ft 
width) were used for volume of soil effectively storing nitrogen. Soil bulk density, 
averaged over soil horizons A, B, and C (1.51 g/cm ), was used to end up with kg of 
nitrogen stored per month irrigated. 
Table Fl. 
Month Days 
irrigated 
Storage (mg N/kg soil) Storage (kg N) 
Jun-00 25 12.0 144 
J u 1-00 31 14.9 178 
Aug-00 25 12.0 144 
May-01 21 10.1 121 
Jun-01 30 14.4 173 
Jul-01 31 14.9 178 
Aug-01 31 14.9 178 
Sep-01 24 11.5 138 
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Appendix G 
VS2DT Model 
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Discretization 
The model is defined to simulate one-dimensional vertical flow. A 5.2 ft column, 
to represent the unsaturated zone of Field B in June 2001 with the bottom of the column 
representing the water table, was subdivided into 53 cells. 
Boundary conditions 
The top boundary condition was a specified flux boundary, when precipitation occurred 
the volume was added, and flux was zero when precipitation was not being added. The 
lower boundary was a pressure head boundary with a value of zero ft applied. 
Parameters 
The initial soil moisture content was set to uniform with a negative hydraulic head 
of-19.7 ft (-600cm) of water. This value was chosen from soil matric potential values 
observed in the fields before irrigation began. The soil properties required by the model 
include saturated hydraulic conductivity (Ks), specific storage, porosity, and the van 
Genuchten equation parameters alpha, 0r, and C (32.8 ft/d, 1*10"7 cm"1, 0.36, -0.66 ft, 
0.03, and 5 for sand default values). Scenario #1 used the program's default values for 
the sand textural class (the coarsest material in the program's database). To change the 
look of the curve, it was found that changing the 6 parameter from a default value of 5 to 
3.4 created a curve that looked more similar to tracer results, therefore this value was 
used in Scenario #1. The van Genuchten coefficients were either based on literature 
values for coarse sands and sand and gravels or program default values based on textural 
class because a soil moisture retention curve was not established. Scenario #2 uses 
literature values for the sand and gravel profile van Genuchten coefficients with average 
measured Ks (permeameter and Fair-Hatch) and porosity values (Mace et al., 1998, 
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Woosten and van Genuchten, 1988). Scenario #3 upper sand horizon uses default 
values and the lower sand and gravel horizon uses literature and measured values 
matching scenario #2 (Mace et al., 1998, Woosten and van Genuchten, 1988). 
Evapotranspiration was turned on for the entire run of 153 days, to represent May 
1 through September 30. Default ET values were used with the exception of potential 
evapotranspiration and root depth. ET values for May through September were averaged 
(0.54 cm/d) and October through April averaged (0.18 cm/d) and root depth was changed 
to 1.25 ft, as observed in the field. 
Model profile input parameter values. 
Model Ks 
(ft/d) 
Ss n 0r alpha 
(ft) 
beta Pb 
(g/cm3) 
Scenario #1-
sand* 
32.8 1*10"' 
~rW 
0.36 0.03 -0.66 1.7 1.4 
Scenario #2- sand 
and gravel** 
95.4 0.43 0.02 -0.15 3.43 1.51 
7T Scenario #3-
upper sand layer* 
32.8 1*10 0.50 0.03 -0.66 5.0 1.4 
7T Scenario #3-
lower sand and 
gravel layer** 
95.4 1*10 0.43 0.02 -0.15 3.43 1.51 
Irrigation and 
management 
Same as Scenario #1 
*WHI VS2DT program default values for a sand profile, with the exception of beta 
value, changed for calibrating model to bromide tracer results. 
**Changed program default values to tested values for Ks, n, and Pb; used 
literature values for alpha, beta, and residual moisture content (Mace et al., 1998, 
Woosten and van Genuchten, 1988). 
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Scenario #1- Sand 
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1. Profile. VS2D/T Scenario #1 
Model Settings 
[VS2DT] Case Settings 
Parameter Value Units 
Initial Conditions: Water Uniform Pressure Head (-) 
Initial Conditions: Chemical Uniform Concentration (-) 
Max. Simulation Time 365 (days) 
Evapotranspiration Evaporation and (-) 
transpiration 
Transport Simulation No adsorption or ion (-) 
exchange 
Soil Hydraulic Function van Genuchten (-) 
[VS2DT] Solver Settings 
Parameter Value Units 
Flow Closure Criteria 0.005 (ft) 
Relaxation 1.1 (-) 
Weighting Hydr. Cond. 0.5 (-) 
Transport Closure Criteria 0.100000000000000 (mg/l) 
Min. Iterations 2 (-) 
Max. Iterations 1000 (-) 
Space Differencing Center-in-Space (-) 
Time Differencing Center-in-Time (-) 
Maximum Number of Time Steps 5000 (-) 
Display Balance Every Time Step yes (-> 
[VS2DT] Evapotranspiration 
# Start Time End Time Potential Surface Atmospheric Potential Root Depth (ft) 
Evaporation Rate Resistance to Pressure Evapotranspirati 
(cm/day) Evaporation Potential (ft) on Rate (cm/day) 
(1/m) 
1 0 30 0.20000000 0.00200 -3280.840 0.18 1.250 
2 30 60 0.20000000 0.00200 -3280.840 0.18 0.328 
3 60 90 0.20000000 0.00200 -3280.840 0.18 0.328 
4 90 120 0.20000000 0.00200 -3280.840 0.18 0.328 
5 120 150 0.20000000 0.00200 -3280.840 0.54 0.328 
6 150 180 0.20000000 0.00200 -3280.840 0.54 0.328 
7 180 210 0.20000000 0.00200 -3280.840 0.54 0.328 
8 210 240 0.20000000 0.00200 -3280.840 0.54 0.328 
9 240 270 0.20000000 0.00200 -3280.840 0.54 0.328 
10 270 300 0.20000000 0.00200 -3280.840 0.18 0.328 
11 300 330 0.20000000 0.00200 -3280.840 0.18 0.328 
12 330 360 0.20000000 0.00200 -3280.840 0.18 
(continued) 
# Start Time End Time Root Activity At Root Activity At Root Pressure 
Base (1/cm2) Top (1/cm2) (ft) 
1 0 30 1.0000 1.0000 -492.12600 
2 30 60 1.0000 1.0000 -492.12600 
3 60 90 1.0000 1.0000 -492.12600 
4 90 120 1.0000 1.0000 -492.12600 
5 120 150 1.0000 1.0000 -492.12600 
6 150 180 1.0000 1.0000 -492.12600 
7 180 210 1.0000 1.0000 -492.12600 
8 210 240 1.0000 1.0000 -492.12600 
9 240 270 1.0000 1.0000 -492.12600 
10 270 300 1.0000 1.0000 -492.12600 
11 300 330 1.0000 1.0000 -492.12600 
| 121 330 | 360 | 1.0000 \ 1.0000 | -492.12600 | 
[VS2D17 Flow Upper Boundary 
# Start Time End Time Type Value Allowed Ponding (ft) 
1 0 120 Flux (cm/day) 0 0.03281 
2 120 130 Flux (cm/day) 0.127 0.03281 
3 130 150 Flux (cm/day) 0.0305 0.03281 
4 150 153 Evapotranspiration (-) See ET settings 0.03281 
5 153 154 Flux (cm/day) 0.2286 0.03281 
6 154 164 Evapotranspiration (-) See ET settings 0.03281 
7 164 165 Flux (cm/day) 0.279 0.03281 
8 165 178 Flux (cm/day) 0.027 0.03281 
9 178 179 Flux (cm/day) 4.85 0.03281 
10 179 190 Evapotranspiration (-) See ET settings 0.03281 
11 190 191 Flux (cm/day) 1.02 0.03281 
12 191 197 Evapotranspiration (-) See ET settings 0.03281 
13 197 198 Flux (cm/day) 5.334 0.03281 
14 198 203 Evapotranspiration (-) See ET settings 0.03281 
15 203 204 Flux (cm/day) 0.7366 0.03281 
16 204 212 Evapotranspiration (-) See ET settings 0.03281 
17 212 243 Flux (cm/day) 0.0205 0.03281 
18 243 273 Flux (cm/day) 0.027 0.03281 
19 273 366 Evapotranspiration (-) See ET settings 0.03281 
/VS2DT7 Flow Lower Boundary 
# Start Time End Time Type Value 
1 0 366 Pressure Head (ft) 0 
[VS2DT] Transport Upper Boundary 
# Start Time End Time Type Value Inflow Concentration 
(mg/l) 
1 0 120 No Specified Boundary No Specified Boundary 0.000000000000000 
2 120 130 
v) 
Concentration (mg/l) 1100 0.000000000000000 
3 130 365 No Specified Boundary 
(-) 
No Specified Boundary 0.000000000000000 
[VS2DT] Transport Lower Boundary 
# Start Time End Time Type Value Inflow Concentration 
(mg/l) 
1 0 365 No Specified Boundary 
(-) 
No Specified Boundary 0.000000000000000 
[VS2DT] Profile Initial Conditions 
Parameter Value Units 
Pressure Head -19.68504 (ft) 
Initial Concentration 0.000000000000000 (mg/l) 
[VS2D7] Stress Period Defaults 
Parameter Value Units 
Initial Time Step 0.1000000 (days) 
Time Step Multiplier 1.20 (-) 
Maximum Time Step 10.0000000 (days) 
Minimum Time Step 0.0100000 (days) 
Reduction Factor 0.40 (-) 
Maximum Head Change 3.28084 (ft) 
Head Criterion 0.00328 (ft) 
Profile Structure 
Layer Top (ft) Bottom (ft) Thickness (ft) 
liij Sand 0.0000 -5.2000 5.2000 
1.1. Layer. Sand 
rVS2DT] Soil Parameters 
Parameter Value Units 
Horizontal Sat.Hydr.Conductivity 32.808398608 (ft/day) 
Specific Storage 0.0000001 (1/cm) 
Porosity 0.36 (vol/vol) 
Qr 0.03 (vol/vol) 
Alpha" (van Genuchten) -0.65617 (ft) 
Beta' (van Genuchten) 2.0 <-) 
[VS2DT] Transport Parameters 
Parameter Value Units 
Alpha L 40 (cm) 
Dm (Molecular Diffusion) 0.5 (cm2/day) 
Decay Constant 0.0 (/day) 
Bulk density 1.4 (g/cu.cm) 
Seenario-1 Moisture Content Curve 
i ^  , . .  • ,  ,  ^  
0.03 0.13 0.23 0.33 
Value (vol/vol) 
Moisture Content-7.300 days 
Moisture Content-120.000 days 
-A- Moisture Content-198.000 days 
Moisture Content-273.000 days 
—f— Moisture Content-365.000 days 
Moisture Content-204.400 days 
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' A  
Scenario 1 Solute Curve 
o 
^CN 
CL <D 
Q 
T—I—I—I—FT 
I I I 
0.1 0.6 1 1 1.6 
Value (mg/l) 
Concentration-226.300 days 
Concentration-242,866 days 
-Ar Coriceritration-272.866 days 
After 120 Days 
VOLUMETRIC FLOW BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES --
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
EVAPORATION -
TRANSPIRATION -
TOTAL EVAPOTRANSPIRATION -
CHANGE IN FLUID STORED IN DOMAIN -
FLUID VOLUME BALANCE --
SOLUTE MASS BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN -
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
TOTAL EVAPOTRANSPIRATION -
FIRST ORDER DECAY « 
ADSORPTION/ION EXCHANGE -
CHANGE IN SOLUTE STORED IN DOMAIN -
TOTAL 
cm**3 
2.61 E+01 
0.00E+00 
0.00E+00 
0.00E+00 
2.61 E+01 
0.00E+00 
0.00E+00 
-1.21 E+01 
-1.21 E+01 
1.50E+01 
-9.72E-01 
g 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE+OO 
After 273 days 
VOLUMETRIC FLOW BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
+ FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
+ FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES --
+ TOTAL FLUX INTO DOMAIN -
+ TOTAL FLUX OUT OF DOMAIN -
+ EVAPORATION -
+ TRANSPIRATION -
+ TOTAL EVAPOTRANSPIRATION -
+ CHANGE IN FLUID STORED IN DOMAIN -
+ FLUID VOLUME BALANCE --
+ 
+ 
SOLUTE MASS BALANCE 
+ 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
+ FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
+ FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
+ DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN -
+ DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN -
+ TOTAL FLUX INTO DOMAIN -
+ TOTAL FLUX OUT OF DOMAIN -
+ TOTAL EVAPOTRANSPIRATION -
+ FIRST ORDER DECAY -
+ ADSORPTION/ION EXCHANGE -
+ CHANGE IN SOLUTE STORED IN DOMAIN -
+ SOLUTE MASS BALANCE -
TOTAL 
cm**3 
3.63E+01 
-2.61 E+00 
1.61 E+01 
0.00E+00 
5.24E+01 
-2.61 E+00 
-2.09E+00 
-3.23E+01 
-3.44E+01 
1.63E+01 
-9.77E-01 
9 
0.00E+00 
-1.27E-07 
1.38E-03 
0.00E+00 
2.08E-04 
0.00E+00 
1.59E-03 
-1.27E-07 
-1.66E-03 
0.00E+00 
0.00E+00 
-1.50E-04 
7.75E-05 
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Scenario #2- Sand and Gravel 
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1. Profile. Scenario #2 
Model Settings 
[VS2DT] Case Settings 
Parameter Value Units 
Initial Conditions: Water Uniform Pressure Head (-) 
Initial Conditions: Chemical Uniform Concentration (-) 
Max. Simulation Time 365.00000 (days) 
Evapotranspiration Evaporation and (-) 
transpiration 
Transport Simulation No adsorption or ion (-) 
exchange 
Soil Hydraulic Function van Genuchten (-) 
[VS2DT] Solver Settings 
Parameter Value Units 
Flow Closure Criteria 0.00500 (ft) 
Relaxation 1.100 (-) 
Weighting Hydr. Cond. 0.5 (-) 
Transport Closure Criteria 0.100000000000000 (mg/l) 
Min. Iterations 2 (-) 
Max. Iterations 1000 (-) 
Space Differencing Center-in-Space (-) 
Time Differencing Center-in-Time (-) 
Maximum Number of Time Steps 5000 (-) 
Display Balance Every Time Step yes (-) 
[VS2DT] Evapotranspiration 
# Start Time End Time Potential 
Evaporation Rate 
(cm/day) 
Surface 
Resistance to 
Evaporation 
(1/m) 
Atmospheric 
Pressure 
Potential (ft) 
Potential 
Evapotranspirati 
on Rate (cm/day) 
Root Depth (ft) 
1 0 30 0.20000000 0.00200 -3280.840 0.18 1.250 
2 30 60 0.20000000 0.00200 -3280.840 0.18 0.328 
3 60 90 0.20000000 0.00200 -3280.840 0.18 0.328 
4 90 120 0.20000000 0.00200 -3280.840 0.18 0.328 
5 120 150 0.20000000 0.00200 -3280.840 0.54 0.328 
6 150 180 0.20000000 0.00200 -3280.840 0.54 0.328 
7 180 210 0.20000000 0.00200 -3280.840 0.54 0.328 
8 210 240 0.20000000 0.00200 -3280.840 0.54 0.328 
9 240 270 0.20000000 0.00200 -3280.840 0.54 0.328 
10 270 300 0.20000000 0.00200 -3280.840 0.18 0.328 
11 300 330 0.20000000 0.00200 -3280.840 0.18 0.328 
12 330 360 0.20000000 0.00200 -3280.840 0.18 
(continued) 
# Start Time End Time Root Activity At Root Activity At Root Pressure 
Base (1/cm2) Top (1/cm2) (ft) 
1 0 30 1.0000 1.0000 -492.12600 
2 30 60 1.0000 1.0000 -492.12600 
3 60 90 1.0000 1.0000 -492.12600 
4 90 120 1.0000 1.0000 -492.12600 
5 120 150 1.0000 1.0000 -492.12600 
6 150 180 1.0000 1.0000 -492.12600 
7 180 210 1.0000 1.0000 -492.12600 
8 210 240 1.0000 1.0000 -492.12600 
9 240 270 1.0000 1.0000 -492.12600 
10 270 300 1.0000 1.0000 -492.12600 
11 300 330 1.0000 1.0000 -492.12600 
12 330 360 1.0000 1.0000 -492.12600 
[VS2DT] Observation Times 
# Time Balance summary (-) 
1 0 yes 
[VS2DT] Flow Upper Boundary 
# Start Time End Time Type Value Allowed Ponding (ft) 
1 0 120 Flux (cm/day) 0.000000000 0.03281 
2 120 130 Flux (cm/day) 0.127000000 0.03281 
3 130 150 Flux (cm/day) 0.030500000 0.03281 
4 150 153 Evapotranspiration (-) See ET settings 0.03281 
5 153 154 Flux (cm/day) 0.228600000 0.03281 
6 154 164 Evapotranspiration (-) See ET settings 0.03281 
7 164 165 Flux (cm/day) 0.279000000 0.03281 
8 165 178 Flux (cm/day) 0.027000000 0.03281 
9 178 179 Flux (cm/day) 4.850000000 0.03281 
10 179 190 Evapotranspiration (-) See ET settings 0.03281 
11 190 191 Flux (cm/day) 1.020000000 0.03281 
12 191 197 Evapotranspiration (-) See ET settings 0.03281 
13 197 198 Flux (cm/day) 5.334000000 0.03281 
14 198 203 Evapotranspiration (-) See ET settings 0.03281 
15 203 204 Flux (cm/day) 0.736600000 0.03281 
16 204 212 Evapotranspiration (-) See ET settings 0.03281 
17 212 243 Flux (cm/day) 0.020500000 0.03281 
18 243 273 Flux (cm/day) 0.027000000 0.03281 
19 273 366 Evapotranspiration (-) See ET settings 0.03281 
[VS2DT] Flow Lower Boundary 
# Start Time End Time Type Value 
1 0 366 Pressure Head (ft) 0.00000 
[VS2D77 Transport Upper Boundary 
# Start Time End Time Type Value Inflow Concentration 
(mg/l) 
1 0 120 No Specified Boundary 
(-) 
Concentration (mg/l) 
No Specified Boundary 0.000000000000000 
2 120 130 1100.00000000000000 
0 
No Specified Boundary 
0.000000000000000 
3 130 365 No Specified Boundary 
(-) 
0.000000000000000 
[VS2DTJ Transport Lower Boundary 
# Start Time End Time Type Value Inflow Concentration 
(mg/l) 
1 0 365 No Specified Boundary 
(-) 
No Specified Boundary 0.000000000000000 
[VS2DT] Profile Initial Conditions 
Parameter Value Units 
Pressure Head -19.68504 (ft) 
Initial Concentration 0.000000000000000 (mg/l) 
[VS2DT] Stress Period Defaults 
Parameter Value Units 
Initial Time Step 0.1000000 (days) 
Time Step Multiplier 1.20 (-) 
Maximum Time Step 10.0000000 (days) 
Minimum Time Step 0.0100000 (days) 
Reduction Factor 0.40 (-) 
Maximum Head Change 3.28084 (ft) 
Head Criterion 0.00328 (ft) 
Profile Structure 
Layer Top (ft) Bottom (ft) Thickness (ft) 
LJ Sand 
0.0000 -5.2000 5.2000 
1.1. Layer. Sand 
rVS2DTl Soil Parameters 
Parameter Value Units 
Horizontal Sat.Hydr.Conductivity 95.4 (ft/day) 
Specific Storage 0.00000010 (1/cm) 
Porosity 0.43 (vol/vol) 
Qr 0.02 (vol/vol) 
Alpha' (van Genuchten) -0.3 (ft) 
Beta' (van Genuchten) 3.434 (-) 
fVS2DT] Transport Parameters 
Parameter Value Units 
Alpha L 1.31234 (ft) 
Dm (Molecular Diffusion) 0.5000000 (cm2/day) 
Decay Constant 0.00000000 (/hr) 
Bulk density 1.51 (g/cu.cm) 
0.22 
Value (vol/vol) 
ario-2 Moisture Contant Curve 
Moisture Contenrt-7.300 days 
Moisture Content-120.000 days 
-±- Moisture Content-193.000 days 
Moisture Content-204.400 days 
Moisture Content-365.000 days 
Scenario-2 Solute Cutve 
rsj -
CD 
• 
500 
Value (mg/l) 
1000 
Concentration-"! 30.000 days 
Cohcentration-175.200 days 
Conc6ntP8ftion-150.000 days 
Scenano-2 Solute Curve 
0 0.5 
Value (mg/l) 
- ConcentrsrtJon-226.300 days -ft-' Concentcation-243.000 days 
m£- Conc'^ntration-273.000 days 
After 120 Days 
VOLUMETRIC FLOW BALANCE 
+ 
+ FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
+ FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
+ FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
+ FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
+ 
+ 
+ 
+ 
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
EVAPORATION --
TRANSPIRATION -
TOTAL EVAPOTRANSPIRATION -
CHANGE IN FLUID STORED IN DOMAIN -
FLUID VOLUME BALANCE --
TOTAL 
cm**3 
4.78E+00 
O.OOE+OO 
0.00E+00 
0.00E+00 
4.78E+00 
0.00E+00 
0.00E+00 
-1 17E-04 
-1.17E-04 
6.03E+00 
-1.25E+00 
SOLUTE MASS BALANCE 
+ 
+ FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
+ FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
+ FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
+ FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES --
+ DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN -
+ DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN -
+ TOTAL FLUX INTO DOMAIN -
+ TOTAL FLUX OUT OF DOMAIN -
+ TOTAL EVAPOTRANSPIRATION -
+ FIRST ORDER DECAY -
+ ADSORPTION/ION EXCHANGE -
+ CHANGE IN SOLUTE STORED IN DOMAIN -
+ SOLUTE MASS BALANCE -
g 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 00 o 
After 273 Days 
VOLUMETRIC FLOW BALANCE 
FLIX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FUXOUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
EVAPORATION -
TRANSPIRATION -
TOTAL EVAPOTRANSPIRATION --
CHANGE IN FLUID STORED IN DOMAIN -
FLUID VOLUME BALANCE -
SOLUTE MASS BALANCE 
ItIX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FUXOUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN -
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN --
TOTAL EVAPOTRANSPIRATION -
FIRST ORDER DECAY -
ADSORPTION/ION EXCHANGE -
CHANGE IN SOLUTE STORED IN DOMAIN -
SOLUTE MASS BALANCE -
TOTAL 
cm**3 
4.79E+00 
-6.54E+00 
1.61 E+01 
0.00E+00 
2.09E+01 
-6.54E+00 
-7.58E-01 
-8.43E+00 
-9.18E+00 
6.68E+00 
-1 48E+00 
g 
O.OOE+OO 
-7.60E-06 
1 40E-03 
0.00E+00 
1.24E-04 
0.00E+00 
1.52E-03 
-7.60E-06 
-1.55E-03 
0.00E+00 
0.00E+00 
-9.21 E-05 
5.69E-05 
Scenario #3- Sand above Sand and Gravel 
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1. Profile. Scenario #3 
Model Settings 
[VS2DT] Case Settings 
Parameter Value Units 
Transport Simulation No adsorption or ion (-) 
exchange 
Soil Hydraulic Function van Genuchten (-) 
Initial Conditions: Water Uniform Pressure Head' (-) 
Initial Conditions: Chemical Uniform Concentration (-) 
Max. Simulation Time 365.00000 (days) 
Evapotranspiration Evaporation and (-) 
transpiration 
[VS2DT] Solver Settings 
Parameter Value Units 
Flow Closure Criteria 0.00600 (ft) 
Relaxation 1.200 (-) 
Weighting Hydr. Cond. 0.5 (-) 
Transport Closure Criteria 0.100000000000000 (mg/l) 
Min. Iterations 2 (-) 
Max. Iterations 200 (-) 
Space Differencing Center-in-Space (-) 
Time Differencing Center-in-Time (-) 
Maximum Number of Time Steps 5000 (-) 
Display Balance Every Time Step yes <-) 
[VS2DT] Evapotranspiration 
# Start Time End Time Potential Surface Atmospheric Potential Root Depth (ft) 
Evaporation Rate Resistance to Pressure Evapotranspirati 
(cm/day) Evaporation Potential (ft) on Rate (cm/day) 
(1/m) 
1 0 30 0.20000000 0.00200 -3280.840 0.18 1.250 
2 30 60 0.20000000 0.00200 -3280.840 0.18 0.328 
3 60 90 0.20000000 0.00200 -3280.840 0.18 0.328 
4 90 120 0.20000000 0.00200 -3280.840 0.18 0.328 
5 120 150 0.20000000 0.00200 -3280.840 0.54 0.328 
6 150 180 0.20000000 0.00200 -3280.840 0.54 0.328 
7 180 210 0.20000000 0.00200 -3280.840 0.54 0.328 
8 210 240 0.20000000 0.00200 -3280.840 0.54 0.328 
9 240 270 0.20000000 0.00200 -3280.840 0.54 0.328 
10 270 300 0.20000000 0.00200 -3280.840 0.18 0.328 
11 300 330 0.20000000 0.00200 -3280.840 0.18 0.328 
12 330 360 0.20000000 0.00200 -3280.840 0.18 0.328 
(continued) 
# Start Time End Time Root Activity At Root Activity At Root Pressure 
Base (1/cm2) Top (1/cm2) (ft) 
1 0 30 1.0000 1.0000 -492.12600 
2 30 60 1.0000 1.0000 -492.12600 
3 60 90 1.0000 1.0000 -492.12600 
4 90 120 1.0000 1.0000 -492.12600 
5 120 150 1.0000 1.0000 -492.12600 
6 150 180 1.0000 1.0000 -492.12600 
7 180 210 1.0000 1.0000 -492.12600 
8 210 240 1.0000 1.0000 -492.12600 
9 240 270 1.0000 1.0000 -492.12600 
10 270 300 1.0000 1.0000 -492.12600 
11 300 330 1.0000 1.0000 -492.12600 
12 330 360 1.0000 1.0000 -492.12600 
[VS2DT] Observation Times 
# Time Balance summary (-) 
1 0 yes 
[VS2D7] Flow Upper Boundary 
# Start Time End Time Type Value Allowed Ponding (ft) 
1 0 120 Flux (cm/day) 0.000000000 0.03281 
2 120 130 Flux (cm/day) 0.127000000 0.03281 
3 130 150 Flux (cm/day) 0.030500000 0.03281 
4 150 153 Evapotranspiration (-) See ET settings 0.03281 
5 153 154 Flux (cm/day) 0.228600000 0.03281 
6 154 164 Evapotranspiration (-) See ET settings 0.03281 
7 164 165 Flux (cm/day) 0.279000000 0.03281 
8 165 178 Flux (cm/day) 0.027000000 0.03281 
9 178 179 Flux (cm/day) 4.850000000 0.03281 
10 179 190 Evapotranspiration (-) See ET settings 0.03281 
11 190 191 Flux (cm/day) 1.020000000 0.03281 
12 191 197 Evapotranspiration (-) See ET settings 0.03281 
13 197 198 Flux (cm/day) 5.334000000 0.03281 
14 198 203 Evapotranspiration (-) See ET settings 0.03281 
15 203 204 Flux (cm/day) 0.736600000 0.03281 
16 204 212 Evapotranspiration (-) See ET settings 0.03281 
17 212 243 Flux (cm/day) 0.020500000 0.03281 
18 243 273 Flux (cm/day) 0.027000000 0.03281 
19 273 365 Evapotranspiration (-) See ET settings 0.03281 
[VS2DT] Flow Lower Boundary 
# Start Time End Time Type Value 
1 0 366 Pressure Head (ft) 0.00000 
/VS2DT] Transport Upper Boundary 
# Start Time End Time Type Value Inflow Concentration 
(mg/l) 
1 0 120 No Specified Boundary 
(-) 
Concentration (mg/l) 
No Specified Boundary 0.000000000000000 
2 120 130 1100.00000000000000 
n 
0.000000000000000 
3 130 365 No Specified Boundary 
(-) 
u 
No Specified Boundary 0.000000000000000 
[VS2DT] Transport Lower Boundary 
# Start Time End Time Type Value Inflow Concentration 
(mg/l) 
1 0 365 No Specified Boundary 
(-) 
No Specified Boundary 0.000000000000000 
[VS2DT] Profile Initial Conditions 
Parameter Value Units 
Pressure Head -19.68504 (ft) 
Initial Concentration 0.000000000000000 (mg/l) 
D/S2DT] Stress Period Defaults 
Parameter Value Units 
Initial Time Step 0.1000000 (days) 
Time Step Multiplier 1.20 (-) 
Maximum Time Step 10.0000000 (days) 
Minimum Time Step 0.0100000 (days) 
Reduction Factor 0.40 (-) 
Maximum Head Change 3.28084 (m 
Head Criterion 0.00328 (ft) 
Profile Structure 
I Layer | Top (ft) | Bottom (ft) | Thickness (ft) 
Sanri 0.0000 -0.7500 0.7500 
-• * Sand and gavel -0.7500 
-5.2000 4.4500 
1.1. Layer. Sandl 
[VS2DT] Soil Parameters 
Parameter Value Units 
Horizontal SatHydr.Conductivity 1000.000003044 (cm/day) 
Specific Storage 0.00000010 (1/cm) 
Porosity 0.360 (vol/vol) 
Qr 0.030 (vol/vol) 
Alpha1 (van Genuchten) -0.65617 (ft) 
Beta* (van Genuchten) 5.0 (-) 
[VS2DT] Transport Parameters 
Parameter Value Units 
Alpha L 1.31234 (ft) 
Dm (Molecular Diffusion) 0.5000000 (cm2/day) 
Decay Constant 0.00000000 (/hr) 
Bulk density 1.400 (g/cu.cm) 
1.2. Layer. Sand and gravel 
[VS2DT] Soil Parameters 
Parameter Value Units 
Horizontal Sat.Hydr.Conductivity 95.4 (ft/day) 
Specific Storage 0.00000010 (1/cm) 
Porosity 0.43 (vol/vol) 
Qr 0.030 (vol/vol) 
Alpha1 (van Genuchten) -0.3 (ft) 
Beta' (van Genuchten) 3.434 (-) 
[VS2DT1 Transport Parameters 
Parameter Value Units 
Alpha L 1.31234 (ft) 
Dm (Molecular Diffusion) 0.5000000 (cm2/day) 
Decay Constant 0.00000000 (/hr) 
Bulk density 1.400 (g/cu.cm) 
Scenario 3-Solute Curve 
0 500 1000 
Value (mg/l) 
-H- Conceritration-130.000 days 
—Cdncentration-138.700 days 
•• -fa- Concentration-160.600 days 
Scenario 3-Solute Curve 
o 
5? CM 
0.2 2.2 
Value (mg/l) 
3.2 
'-Ht™ Concentration-273.000 days 
Concentraitiori-243.000 days 
-jk~ C0ncenitraition-204.400 days 
Scenario3-Moisture Content Curve 
Value (vol/vol) 
-Q- Moisture Content-7.300 days 
-4- Moisture Conterit-120.000 days 
Moisture Content-198.000 days 
Moisture Content-204.400 days 
Moisture Content-365.000 days 
00 
-a 
TOTAL ELAPSED SIMULATION TIME = 3.650E+02 days 
VOLUMETRIC FLOW BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN --
EVAPORATION -
TRANSPIRATION -
TOTAL EVAPOTRANSPIRATION -
CHANGE IN FLUID STORED IN DOMAIN -
FLUID VOLUME BALANCE -
SOLUTE MASS BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN -
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
TOTAL EVAPOTRANSPIRATION --
FIRST ORDER DECAY -
ADSORPTION/ION EXCHANGE -
CHANGE IN SOLUTE STORED IN DOMAIN -
SOLUTE MASS BALANCE -
TOTAL 
cm**3 
4.08E+00 
-8.33E+00 
1.61 E+01 
O.OOE+OO 
2.02E+01 
-8.33E+00 
-8.25E-01 
-8.10E+00 
-8.92E+00 
6.96E+00 
-4.00E+00 
9 
0.00E+00 
-1.72E-05 
1 40E-03 
0.00E+00 
2.10E-04 
0.00E+00 
1.61E-03 
-1.72E-05 
-1 76E-03 
0.00E+00 
0.00E+00 
-2.50E-04 
8.36E-05 
189 
1. Profile. Irrigation Profile 
Model Settings 
[VS2DT] Case Settings 
Parameter Value Units 
Transport Simulation No adsorption or ion (-) 
exchange 
Soil Hydraulic Function van Genuchten (-) 
Initial Conditions: Water Uniform Pressure Head (-) 
Initial Conditions: Chemical Uniform Concentration (-) 
Max. Simulation Time 365.00000 (days) 
Evapotranspiration Evaporation and (-) 
transpiration 
[VS2D11 Solver Settings 
Parameter Value Units 
Flow Closure Criteria 0.00600 (ft) 
Relaxation 1.200 (-) 
Weighting Hydr. Cond. 0.5 (-) 
Transport Closure Criteria 0.100000000000000 (mg/l) 
Min. Iterations 2 (-) 
Max. Iterations 200 (-) 
Space Differencing Center-in-Space (-) 
Time Differencing Center-in-Time (-) 
Maximum Number of Time Steps 5000 (-) 
Display Balance Every Time Step yes (-) 
[VS2DT] Evapotranspiration 
# Start Time End Time Potential Surface Atmospheric Potential Root Depth (ft) 
Evaporation Rate Resistance to Pressure Evapotranspirati 
(cm/day) Evaporation Potential (ft) on Rate (cm/day) 
(1/m) 
1 0 30 0.20000000 0.00200 -3280.840 0.18 1.250 
2 30 60 0.20000000 0.00200 -3280.840 0.18 0.328 
3 60 90 0.20000000 0.00200 -3280.840 0.18 0.328 
4 90 120 0.20000000 0.00200 -3280.840 0.18 0.328 
5 120 150 0.20000000 0.00200 -3280.840 0.54 0.328 
6 150 180 0.20000000 0.00200 -3280.840 0.54 0.328 
7 180 210 0.20000000 0.00200 -3280.840 0.54 0.328 
8 210 240 0.20000000 0.00200 -3280.840 0.54 0.328 
9 240 270 0.20000000 0.00200 -3280.840 0.54 0.328 
10 270 300 0.20000000 0.00200 -3280.840 0.18 0.328 
11 300 330 0.20000000 0.00200 -3280.840 0.18 0.328 
12 330 360 0.20000000 0.00200 -3280.840 0.18 0.328 
13 360 390 0.20000000 0.00200 -3280.840 0.18 0.328 
(continued) 
# Start Time End Time Root Activity At Root Activity At Root Pressure 
Base (1/cm2) Top (1/cm2) (ft) 
1 0 30 1.0000 1.0000 -492.12600 
2 30 60 1.0000 1.0000 -492.12600 
3 60 90 1.0000 1.0000 -492.12600 
4 90 120 1.0000 1.0000 -492.12600 
5 120 150 1.0000 1.0000 -492.12600 
6 150 180 1.0000 1.0000 -492.12600 
7 180 210 1.0000 1.0000 -492.12600 
8 210 240 1.0000 1.0000 -492.12600 
9 240 270 1.0000 1.0000 -492.12600 
10 270 300 1.0000 1.0000 -492.12600 
11 300 330 1.0000 1.0000 -492.12600 
12 330 360 1.0000 1.0000 -492.12600 
13 360 390 1.0000 1.0000 -492.12600 
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[VS2D1] Observation Times 
# Time Balance summary (-) 
1 0 yes 
[VS2DT] Flow Upper Boundary 
# Start Time End Time Type Value Allowed Ponding (ft) 
1 0 120 Evapotranspiration (-) See ET settings 0.03281 
2 120 123 Flux (cm/day) 8.507 0.03281 
3 123 130 Flux (cm/day) 0.127000000 0.03281 
4 130 150 Flux (cm/day) 0.030500000 0.03281 
5 150 151 Evapotranspiration (-) See ET settings 0.03281 
6 151 153 Flux (cm/day) 8.38 0.03281 
7 153 154 Flux (cm/day) 8.6086 0.03281 
8 154 164 Evapotranspiration (-) See ET settings 0.03281 
9 164 165 Flux (cm/day) 0.279000000 0.03281 
10 165 178 Flux (cm/day) 0.027000000 0.08281 
11 178 179 Flux (cm/day) 4.850000000 0.03281 
12 179 181 Evapotranspiration (-) See ET settings 0.03281 
13 181 184 Flux (cm/day) 8.38 0.03281 
14 184 190 Evapotranspiration (-) See ET settings 0.03281 
15 190 191 Flux (cm/day) 1.020000000 0.03281 
16 191 197 Evapotranspiration (-) See ET settings 0.03281 
17 197 198 Flux (cm/day) 5.334000000 0.03281 
18 198 203 Evapotranspiration (-) See ET settings 0.03281 
19 203 204 Flux (cm/day) 0.736600000 0.03281 
20 204 212 Evapotranspiration (-) See ET settings 0.03281 
21 212 215 Flux (cm/day) 8.4005 0.03281 
22 215 243 Flux (cm/day) 0.020500000 0.03281 
23 243 246 Flux (cm/day) 8.407 0.03281 
24 246 273 Flux (cm/day) 0.027000000 0.03281 
25 273 365 Evapotranspiration (-) See ET settings 0.03281 
[VS2DT] Flow Lower Boundary 
# Start Time End Time Type Value 
1 0 366 Pressure Head (ft) 0.00000 
(VS2DT] Transport Upper Boundary 
Start Time End Time Type Value Inflow Concentration 
(mg/l) 
0 
120 
123 
151 
154 
181 
184 
212 
215 
243 
246 
120 
123 
151 
154 
181 
184 
212 
215 
243 
246 
365 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
<-) 
No Specified 
(-) 
No Specified 
fc) 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
0.000000000000000 
2.7 
0.000000000000000 
2.7 
0.000000000000000 
2.7 
0.000000000000000 
2.7 
0 
2.7 
0 
[VS2DT] Transport Lower Boundary 
| # | Start Time | End Time [ Type | Value [ Inflow Concentration [ 
191 
(mg/l) 
1 0 365 No Specified Boundary 
(-) 
No Specified Boundary 0.000000000000000 
VS2P77 Profile Initial Conditions 
Parameter Value Units 
Pressure Head 
Initial Concentration 
-19.68504 
0.000000000000000 
(ft) 
(mg/l) 
[VS2DT] Stress Period Defaults 
Parameter Value Units 
Initial Time Step 0.1000000 (days) 
Time Step Multiplier 1.20 (-) 
Maximum Time Step 10.0000000 (days) 
Minimum Time Step 0.0100000 (days) 
Reduction Factor 0.40 (-) 
Maximum Head Change 3.28084 (ft) 
Head Criterion 0.00328 (ft) 
Profile Structure(same as scenario#1) 
Irrigation 
1 -Moisture Content Curve 
r-
o 
n 
CO 
0.04 0.14 0.24 0.34 
Value (VOIMDI) 
-B- Moisture Content-7 300 days 
Moisture Content-120.000 days 
-±- Moisture Content-123.000 days 
-W- Moisture Content-130.000 days 
Irrigation 
1-Saturation Curve 
Value (none) 
-fj- Saturation-150.000 days ~~~~ 
Saturation-153.000 days 
Saturation-160.600 days 
Irrigation 
1-Saturation Curve 
o 
v~ 
1 
0.3 
Value (none) 
-ij- Saturation-212.000 days 
Saturation-215.000 days 
SaturatiOn-219.000 days 
• v- Saturation-273.000 days 
—fr; Saturation-365.000 days 
1 -Solute Curve 
Soi' 
r 
U 
a) 
o r-
co" 
-ffl- Concentration-120.000 days 
Coricentraition-123.000 days 
-&•- Concentration-130.000 days 
-V - Concentration-138.700 days 
—(- Concentration-150.000 days 
1-Solute Curve 
• d" 
/-> 
•S CM 
W J 
rri-iif T T i \ r r r i 
1.1 1.6 2.1 
Value (mg/l) 
Concentration-154,000 days 
Concentration-165.000 days 
•'•rfr- Concentration-175.200days 
; --fr- Concentration-181.000 days 
Irrigation 
1 -Solute Curve 
i_| ! 1 , r J-,..,, I | I 
0.3 1.3 2.3 
Value (rngrt) 
—r~ i 
• Concentration-184 000 days 
Concentration-!97.100 days 
A Concerrtration-203.000 days 
V Concentration-215.000 days 
H- Concentration-365.000 days 
Irrigation 
1 - Solute Curve 
- ci • -K~ r ^ ^ 
I 1 r 1 1—N T —I 1 1—I—~R~--1 
0.3 1.3 2.3 
Value (mgfl) 
a Coioeitt«6i-212IIBdayB ^ Co>«itratbi-21$Jmda\« 
••jjt" Co>«itratfci-2l9JIDc&£ V Coioeitrattoi-226OTc&^ 
-f- Co»ttilrattoi-233j6tDc&l? -X- Coice ktrattoi-240.911] days 
Co»«nrattoi-2i3iH3d3vf O Cofc«itrattofc-246Ill3d3/5 
0 COi«l1ratto>-2ig2g3d3vf. -tt Coice>tratto>-3S5III3daff 
After 120 Days 
VOLUMETRIC FLOW BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
+ FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
+ FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
+ TOTAL FLUX INTO DOMAIN -
+ TOTAL FLUX OUT OF DOMAIN -
+ EVAPORATION --
+ TRANSPIRATION -
+ TOTAL EVAPOTRANSPIRATION -
+ CHANGE IN FLUID STORED IN DOMAIN -
+ FLUID VOLUME BALANCE -
+ 
+ 
SOLUTE MASS BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
+ FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
+ FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
+ DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN -
+ DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN --
+ TOTAL FLUX INTO DOMAIN -
+ TOTAL FLUX OUT OF DOMAIN -
+ TOTAL EVAPOTRANSPIRATION -
+ FIRST ORDER DECAY -
+ ADSORPTION/ION EXCHANGE -
+ CHANGE IN SOLUTE STORED IN DOMAIN -
+ SOLUTE MASS BALANCE --
TIME STEP 
cm**3 
3.89E+01 
0.00E+00 
0.00E+00 
0.00E+00 
3.89E+01 
0.00E+00 
-1.89E+00 
-2.16E+01 
-2.35E+01 
1.72E+01 
-1.82E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
After 123 Days 
VOLUMETRIC FLOW BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
EVAPORATION -
TRANSPIRATION -
TOTAL EVAPOTRANSPIRATION -
CHANGE IN FLUID STORED IN DOMAIN -
FLUID VOLUME BALANCE -
SOLUTE MASS BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN -
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN --
TOTAL EVAPOTRANSPIRATION -
FIRST ORDER DECAY --
ADSORPTION/ION EXCHANGE -
CHANGE IN SOLUTE STORED IN DOMAIN -
SOLUTE MASS BALANCE -
TOTAL 
cm**3 
3.90E+01 
-1.44E+01 
2.55E+01 
0.00E+00 
6.45E+01 
-1 44E+01 
-1.89E+00 
-2.32E+01 
-2.51 E+01 
2.68E+01 
-1.81E+00 
0.00E+00 
-5.89E-06 
6.89E-05 
0.00E+00 
0.00E+00 
0.00E+00 
6.89E-05 
-5.89E-06 
-3.31 E-06 
0.00E+00 
0.00E+00 
After 150 Days 
VOLUMETRIC FLOW BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES --
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES --
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
EVAPORATION --
TRANSPIRATION -
TOTAL EVAPOTRANSPIRATION -
CHANGE IN FLUID STORED IN DOMAIN -
FLUID VOLUME BALANCE --
SOLUTE MASS BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN -
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN --
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
TOTAL EVAPOTRANSPIRATION -
FIRST ORDER DECAY -
ADSORPTION/ION EXCHANGE -
CHANGE IN SOLUTE STORED IN DOMAIN -
SOLUTE MASS BALANCE -
TOTAL 
cm**3 
4.33E+01 
-2.07E+01 
2.70E+01 
0.00E+00 
7.03E+01 
-2.07E+01 
-2.00E+00 
-3.24E+01 
-3.44E+01 
1 70E+01 
-1.81E+00 
0.00E+00 
-1.33E-05 
6.89E-05 
O.OOE+OO 
0.00E+00 
0.00E+00 
6.89E-05 
-1.33E-05 
-1.86E-05 
0.00E+00 
0.00E+00 
3.36E-05 
3.39E-06 
After 181 Days 
VOLUMETRIC FLOW BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
EVAPORATION -
TRANSPIRATION --
TOTAL EVAPOTRANSPIRATION -
CHANGE IN FLUID STORED IN DOMAIN --
FLUID VOLUME BALANCE --
SOLUTE MASS BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN -
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
TOTAL EVAPOTRANSPIRATION -
FIRST ORDER DECAY -
ADSORPTION/ION EXCHANGE -
CHANGE IN SOLUTE STORED IN DOMAIN --
SOLUTE MASS BALANCE -
TOTAL 
cm**3 
4.75E+01 
-4.11E+01 
5.79E+01 
0.00E+00 
1.05E+02 
-4.11E+01 
-3.28E+00 
-4.29E+01 
-4.62E+01 
1.97E+01 
-1.63E+00 
0.00E+00 
-4.52E-05 
1.37E-04 
0.00E+00 
0.00E+00 
0.00E+00 
1.37E-04 
-4.52E-05 
-4.18E-05 
0.00E+00 
0.00E+00 
4.71 E-05 
3.30E-06 
After 365 Days 
VOLUMETRIC FLOW BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
EVAPORATION -
TRANSPIRATION -
TOTAL EVAPOTRANSPIRATION -
CHANGE IN FLUID STORED IN DOMAIN -
FLUID VOLUME BALANCE -
SOLUTE MASS BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES --
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES --
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN -
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN --
TOTAL EVAPOTRANSPIRATION -
FIRST ORDER DECAY -
ADSORPTION/ION EXCHANGE -
CHANGE IN SOLUTE STORED IN DOMAIN -
SOLUTE MASS BALANCE -
TOTAL 
cm**3 
7.78E+01 
-1.05E+02 
1.42E+02 
0.00E+00 
2.20E+02 
-1.05E+02 
-7 12E+00 
-9.12E+01 
-9.83E+01 
1.84E+01 
-1.61E+00 
0.00E+00 
-1.71E-04 
3.41 E-04 
0.00E+00 
0.00E+00 
0.00E+00 
3.41 E-04 
-1.71 E-04 
-1 41 E-04 
0.00E+00 
0.00E+00 
1.96E-05 
1.03E-05 
Irrigation 
1-Solute Curve 
1 
Value (mg/l) 
Concentration-124.100 days 
-fih Concentration-154.000 days 
Concentration-184.000 days 
-4~ Concentration-215.000 days 
V Concentration-246.000 days 
-I- Concentration-248.200 days 
-%r~ Concentration-255.500 days 
Highest concentration of nitrate entering groundwater is 2.4 mg/L, a short time after the September application was 
added. 
Irrigation 
1-Solute Curve 
r 
I 
C4 
t 7 i 
/ / / 
JI 
¥ 
Q 
CO 
1,3 
Value (rhgil) 
Concerrtration-270.100 days 
Concentrstion-284.700 days 
Concentration-306.600 days 
Concentration-335.800 days 
Concerrtraition-365.000 days 
, Irrigation- Solute Curve 
c 
/ 
/ 
/ 
I—i—|—,—|—|—|-" i -j "i—r—i—|—r—r 
0.018 0.038 0.058 0.078 
Value (mg/l) 
Concentration-630.000 days 
Takes 400 days after September application of irrigation for solute to fully leave vadose zone (assuming <0.1 mg/L as fully^ 
depleted). 2 
202 
1. Profile. Irrigation with winter precipitation 
Irrigation model with winter precipitation (monthly precipitation spread over days) 
(Profile: Scenario #1) 
Model Settings 
[VS2DT] Case Settings 
Parameter Value Units 
Transport Simulation No adsorption or ion (-) 
exchange 
Soil Hydraulic Function van Genuchten (-) 
Initial Conditions: Water Uniform Pressure Head (-) 
Initial Conditions: Chemical Uniform Concentration (-) 
Max. Simulation Time 365 (days) 
Evapotranspiration Evaporation and (-) 
transpiration 
[VS2DT] Solver Settings 
Parameter Value Units 
Flow Closure Criteria 0.00600 (ft) 
Relaxation 1.200 (-) 
Weighting Hydr. Cond. 0.5 (-) 
Transport Closure Criteria 0.100000000000000 (mg/l) 
Min. Iterations 2 (-) 
Max. Iterations 200 (-) 
Space Differencing Center-in-Space (-) 
Time Differencing Center-in-Time (-) 
Maximum Number of Time Steps 5000 (-) 
Display Balance Every Time Step yes (-) 
[VS2DT7 Evapotranspiration 
# Start Time End Time Potential 
Evaporation Rate 
(cm/day) 
Surface 
Resistance to 
Evaporation 
(1/m) 
Atmospheric 
Pressure 
Potential (ft) 
Potential 
Evapotranspirati 
on Rate (cm/day) 
Root Depth (ft) 
1 0 365 0.20000000 0.00200 -3280.840 0.30000000 1.250 
2 365 730 0.20000000 0.00200 -3280.840 0.30000001 0.328 
(continued) 
# Start Time End Time Root Activity At Root Activity At Root Pressure 
Base (1/cm2) Top (1/cm2) (ft) 
1 0 365 1.0000 1.0000 -492.12600 
2 365 730 1.0000 1.0000 -492.12600 
[VS2DT] Observation Times 
# Time Balance summary (-) 
1 0 yes 
[VS2DT] Flow Upper Boundary 
# Start Time End Time Type Value Allowed Ponding (ft) 
1 0 31 Flux (cm/day) 0.0287 0.03281 
2 31 59 Flux (cm/day) 0.0363 0.03281 
3 59 90 Flux (cm/day) 0.03277 0.03281 
4 90 120 Flux (cm/day) 0.0085 0.03281 
5 120 123 Flux (cm/day) 8.507000000 0.03281 
6 123 130 Flux (cm/day) 0.127000000 0.03281 
7 130 150 Flux (cm/day) 0.030500000 0.03281 
8 150 151 Evapotranspiration (-) See ET settings 0.03281 
9 151 153 Flux (cm/day) 8.38 0.03281 
10 153 154 Flux (cm/day) 0.2286 0.03281 
11 154 164 Evapotranspiration (-) See ET settings 0.03281 
12 164 165 Flux (cm/day) 0.279000000 0.03281 
13 165 178 Flux (cm/day) 0.027000000 0.03281 
14 178 179 Flux (cm/day) 4.850000000 0.03281 
15 179 181 Evapotranspiration (-) See ET settings 0.03281 
16 181 184 Flux (cm/day) 8.38 0.03281 
17 184 190 Evapotranspiration (-) See ET settings 0.03281 
18 190 191 Flux (cm/day) 1.020000000 0.03281 
19 191 197 Evapotranspiration (-) See ET settings 0.03281 
20 197 198 Flux (cm/day) 5.334000000 0.03281 
21 198 203 Evapotranspiration (-) See ET settings 0.03281 
22 203 204 Flux (cm/day) 0.736600000 0.03281 
23 204 212 Evapotranspiration (-) See ET settings 0.03281 
24 212 215 Flux (cm/day) 8.4005 0.03281 
25 215 243 Flux (cm/day) 0.020500000 0.03281 
26 243 246 Flux (cm/day) 8.407 
27 246 273 Flux (cm/day) 0.027000000 
28 273 304 Flux (cm/day) 0.1393 
29 304 334 Flux (cm/day) 0.0466 
30 334 365 Flux (cm/day) 0.00819 
[VS2DT7 Flow Lower Boundary 
# Start Time End Time Type Value 
1 0 900 Pressure Head (ft) 0.00000 
[VS2DT] Transport Upper Boundary 
Start Time End Time Type Value Inflow Concentration 
(mg/l) 
0 
120 
123 
151 
154 
181 
184 
212 
215 
243 
246 
120 
123 
151 
154 
181 
184 
212 
215 
243 
246 
900 
No Specified 
(•) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
<-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
M 
Boundary No Specified Boundary 
Boundary No Specified Boundary 
Boundary No Specified Boundary 
Boundary No Specified Boundary 
Boundary No Specified Boundary 
Boundary No Specified Boundary 
Boundary No Specified Boundary 
Boundary No Specified Boundary 
Boundary No Specified Boundary 
Boundary No Specified Boundary 
Boundary No Specified Boundary 
0.000000000000000 
2.700000000000000 
0.000000000000000 
2.7 
0.000000000000000 
2.7 
0.000000000000000 
2.7 
0.000000000000000 
2.7 
0.000000000000000 
[VS2D17 Transport Lower Boundary 
# Start Time End Time Type Value Inflow Concentration 
(mg/l) 
1 0 900 No Specified Boundary 
(-) 
No Specified Boundary 0.000000000000000 
[VS2DT] Profile Initial Conditions 
Parameter Value Units 
Pressure Head 
Initial Concentration 
-19.68504 
0.000000000000000 
(ft) 
(mg/l) 
[VS2D17 Stress Period Defaults , .  —  J  ~  
Parameter Value Units 
Initial Time Step 0.1000000 (days) 
Time Step Multiplier 1.20 (-) 
Maximum Time Step 10.0000000 (days) 
Minimum Time Step 0.0100000 (days) 
Reduction Factor 0.40 (-) 
Maximum Head Change 3.28084 (ft) 
Head Criterion 0.00328 (ft) 
Profile Structure(same as scenario#1) 
After 365 Days- Irrigation with winter precipitation 
VOLUMETRIC FLOW BALANCE TOTAL 
cm**3 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES - 8.27E+01 
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES - -9.92E+01 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -- 1 43E+02 
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES - 0.00E+00 
TOTAL FLUX INTO DOMAIN -- 2.25E+02 
TOTAL FLUX OUT OF DOMAIN - -9.92E+01 
EVAPORATION - -5.73E+00 
TRANSPIRATION - -1 04E+02 
TOTAL EVAPOTRANSPIRATION - -1 10E+02 
CHANGE IN FLUID STORED IN DOMAIN - 1 78E+01 
FLUID VOLUME BALANCE - -1.82E+00 
SOLUTE MASS BALANCE 
9 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES - O.OOE+OO 
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES - -1.62E-04 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES - 3.19E-04 
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES - 0.00E+00 
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN - 0.00E+00 
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN - 0.00E+00 
TOTAL FLUX INTO DOMAIN - 3.19E-04 
TOTAL FLUX OUT OF DOMAIN - -1 62E-04 
TOTAL EVAPOTRANSPIRATION - -1.29E-04 
FIRST ORDER DECAY - O.OOE+OO 
ADSORPTION/ION EXCHANGE - O.OOE+OO 
CHANGE IN SOLUTE STORED IN DOMAIN - 2.00E-05 
SOLUTE MASS BALANCE - 8.65E-06 
Compare this with Irrigation #1 model, without winter precipitation, and we'll see that the mass of solute out of the model 
after 365 days is very close for both models. This supports reasoning not to add winter precipitation for each model 
After 273 Days 
VOLUMETRIC FLOW BALANCE TOTAL 
+ cm**3 
+ FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES - 4.08E+00 
+ FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES - -7.90E+00 
+ FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES - 1.61E+01 
+ FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES - O.OOE+OO 
+ TOTAL FLUX INTO DOMAIN - 2.02E+01 
+ TOTAL FLUX OUT OF DOMAIN - -7.90E+00 
+ EVAPORATION-- -1.02E+00 
+ TRANSPIRATION -- -7.50E+00 
+ TOTAL EVAPOTRANSPIRATION - -8.52E+00 
+ CHANGE IN FLUID STORED IN DOMAIN -- 7 72E+00 
+ FLUID VOLUME BALANCE - -3.93E+00 
SOLUTE MASS BALANCE 
+ 9 
+ FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES - O.OOE+OO 
+ FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES - -2.30E-05 
+ FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES - 1 40E-03 
+ FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES - O.OOE+OO 
+ DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN - 3.13E-04 
+ DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN - O.OOE+OO 
+ TOTAL FLUX INTO DOMAIN - 1.71E-03 
+ TOTAL FLUX OUT OF DOMAIN - -2.30E-05 
+ TOTAL EVAPOTRANSPIRATION - -1.85E-03 
+ FIRST ORDER DECAY - O.OOE+OO 
+ ADSORPTION/ION EXCHANGE -- O.OOE+OO 
+ CHANGE IN SOLUTE STORED IN DOMAIN -- -2.38E-04 
+ SOLUTE MASS BALANCE - 7.52E-05 to 
o 
ON 
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1. Profile. Irrigation #2 
Irrigation #2-2 seasons of Irrigation 
Model Settings 
[VS2DT] Case Settings 
Parameter Value Units 
Transport Simulation No adsorption or ion (-) 
exchange 
Soil Hydraulic Function van Genuchten (-) 
Initial Conditions: Water Uniform Pressure Head (-) 
Initial Conditions: Chemical Uniform Concentration (-) 
Max. Simulation Time 730 (days) 
Evapotranspiration Evaporation and (-) 
transpiration 
[VS2D17 Solver Settings 
Parameter Value Units 
Flow Closure Criteria 0.00600 (ft) 
Relaxation 1.200 (-) 
Weighting Hydr. Cond. 0.5 (-) 
Transport Closure Criteria 0.100000000000000 (mg/l) 
Min. Iterations 2 (-) 
Max. Iterations 200 (-) 
Space Differencing Center-in-Space (-) 
Time Differencing Center-in-Time (-) 
Maximum Number of Time Steps 5000 (-) 
Display Balance Every Time Step yes (-) 
[VS2DT] Evapotranspiration 
# Start Time End Time Potential Surface Atmospheric Potential Root Depth (ft) 
Evaporation Rate Resistance to Pressure Evapotranspirati 
(cm/day) Evaporation Potential (ft) on Rate (cm/day) 
(1/m) 
1 0 30 0.20000000 0.00200 -3280.840 0.18 1.250 
2 30 60 0.20000000 0.00200 -3280.840 0.18 1.250 
3 60 90 0.20000000 0.00200 -3280.840 0.18 1.250 
4 90 120 0.20000000 0.00200 -3280.840 0.18 1.250 
5 120 150 0.20000000 0.00200 -3280.840 0.54 1.250 
6 150 180 0.20000000 0.00200 -3280.840 0.54 1.250 
7 180 210 0.20000000 0.00200 -3280.840 0.54 1.250 
8 210 240 0.20000000 0.00200 -3280.840 0.54 1.250 
9 240 270 0.20000000 0.00200 -3280.840 0.54 1.250 
10 270 300 0.20000000 0.00200 -3280.840 0.18 1.250 
11 300 330 0.20000000 0.00200 -3280.840 0.18 1.250 
12 330 360 0.20000000 0.00200 -3280.840 0.18 1.250 
13 360 390 0.20000000 0.00200 -3280.840 0.18 1.250 
14 390 420 0.20000000 0.00200 -3280.840 0.18 1.250 
15 420 450 0.20000000 0.00200 -3280.840 0.18 1.250 
16 450 480 0.20000000 0.00200 -3280.840 0.18 1.250 
17 480 510 0.20000000 0.00200 -3280.840 0.54 1.250 
18 510 540 0.20000000 0.00200 -3280.840 0.54 1.250 
19 540 570 0.20000000 0.00200 -3280.840 0.54 1.250 
20 570 600 0.20000000 0.00200 -3280.840 0.54 1.250 
21 600 630 0.20000000 0.00200 -3280.840 0.54 1.250 
22 630 660 0.20000000 0.00200 -3280.840 0.18 1.250 
23 660 690 0.20000000 0.00200 -3280.840 0.18 1.250 
24 690 720 0.20000000 0.00200 -3280.840 0.18 1.250 
25 720 750 0.20000000 0.00200 -3280.840 0.180 1.250 
(continued) 
| # I Start Time | End Time | Root Activity At | Root Activity At | Root Pressure 
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Base (1/cm2) Top (1/cm2) (ft) 
1 0 30 1.0000 1.0000 -492.12600 
2 30 60 1.0000 1.0000 -492.12600 
3 60 90 1.0000 1.0000 -492.12600 
4 90 120 1.0000 1.0000 -492.12600 
5 120 150 1.0000 1.0000 -492.12600 
6 150 180 1.0000 1.0000 -492.12600 
7 180 210 1.0000 1.0000 -492.12600 
8 210 240 1.0000 1.0000 -492.12600 
9 240 270 1.0000 1.0000 -492.12600 
10 270 300 1.0000 1.0000 -492.12600 
11 300 330 1.0000 1.0000 -492.12600 
12 330 360 1.0000 1.0000 -492.12600 
13 360 390 1.0000 1.0000 -492.12600 
14 390 420 1.0000 1.0000 -492.12600 
15 420 450 1.0000 1.0000 -492.12600 
16 450 480 1.0000 1.0000 -492.12600 
17 480 510 1.0000 1.0000 -492.12600 
18 510 540 1.0000 1.0000 -492.12600 
19 540 570 1.0000 1.0000 -492.12600 
20 570 600 1.0000 1.0000 -492.12600 
21 600 630 1.0000 1.0000 -492.12600 
22 630 660 1.0000 1.0000 -492.12600 
23 660 690 1.0000 1.0000 -492.12600 
24 690 720 1.0000 1.0000 -492.12600 
25 720 750 1.0000 1.0000 -492.12600 
[VS2D17 Observation Times 
# Time Balance summary (-) 
1 0 yes 
[VS2DT] Flow Upper Boundary 
# Start Time End Time Type Value Allowed Ponding (ft) 
1 0 120 Evapotranspiration (-) See ET settings 0.03281 
2 120 123 Flux (cm/day) 8.507000000 0.03281 
3 123 130 Flux (cm/day) 0.127000000 0.03281 
4 130 150 Flux (cm/day) 0.030500000 0.03281 
5 150 151 Evapotranspiration (-) See ET settings 0.03281 
6 151 153 Flux (cm/day) 8.380000000 0.03281 
7 153 154 Flux (cm/day) 8.608600000 0.03281 
8 154 164 Evapotranspiration (-) See ET settings 0.03281 
9 164 165 Flux (cm/day) 0.279000000 0.03281 
10 165 178 Flux (cm/day) 0.027000000 0.03281 
11 178 179 Flux (cm/day) 4.850000000 0.03281 
12 179 181 Evapotranspiration (-) See ET settings 0.03281 
13 181 184 Flux (cm/day) 8.380000000 0.03281 
14 184 190 Evapotranspiration (-) See ET settings 0.03281 
15 190 191 Flux (cm/day) 1.020000000 0.03281 
16 191 197 Evapotranspiration (-) See ET settings 0.03281 
17 197 198 Flux (cm/day) 5.334000000 0.03281 
18 198 203 Evapotranspiration (-) See ET settings 0.03281 
19 203 204 Flux (cm/day) 0.736600000 0.03281 
20 204 212 Evapotranspiration (-) See ET settings 0.03281 
21 212 215 Flux (cm/day) 8.400500000 0.03281 
22 215 243 Flux (cm/day) 0.020500000 0.03281 
23 243 246 Flux (cm/day) 8.407000000 0.03281 
24 246 273 Flux (cm/day) 0.027000000 0.03281 
25 273 365 Evapotranspiration (-) See ET settings 0.03281 
26 365 485 Evapotranspiration (-) See ET settings 0.03281 
27 485 488 Flux (cm/day) 8.507 0.03281 
28 488 495 Flux (cm/day) 0.127 0.03281 
29 495 515 Flux (cm/day) 0.0305 0.03281 
30 515 516 Evapotranspiration (-) See ET settings 0.03281 
31 516 518 Flux (cm/day) 8.38 0.03281 
32 518 519 Flux (cm/day) 8.6086 0.03281 
33 519 529 Evapotranspiration (-) See ET settings 0.03281 
34 529 530 Flux (cm/day) 0.279 0.03281 
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35 530 543 Flux (cm/day) 0.027 0.03281 
36 543 544 Flux (cm/day) 4.85 0.03281 
37 544 546 Evapotranspiration (-) See ET settings 0.03281 
38 546 549 Flux (cm/day) 8.38 0.03281 
39 549 555 Evapotranspiration (-) See ET settings 0.03281 
40 555 556 Flux (cm/day) 1.02 0.03281 
41 556 562 Evapotranspiration (-) See ET settings 0.03281 
42 562 563 Flux (cm/day) 5.334 0.03281 
43 563 568 Evapotranspiration (-) See ET settings 0.03281 
44 568 569 Flux (cm/day) 0.7366 0.03281 
45 569 577 Evapotranspiration (-) See ET settings 0.03281 
46 577 580 Flux (cm/day) 8.4005 0.03281 
47 580 608 Flux (cm/day) 0.0205 0.03281 
48 608 611 Flux (cm/day) 8.407 0.03281 
49 611 638 Flux (cm/day) 0.027 0.03281 
50 638 730 Evapotranspiration (-) See ET settings 0.03281 
[VS2DT] Flow Lower Boundary 
# Start Time End Time Type Value 
1 0 730 Pressure Head (ft) 0.00000 
[VS2DT7 Transport Upper Boundary 
# Start Time End Time Type Value Inflow Concentration 
(mg/l) 
1 0 120 No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(_\ 
No Specified Boundary 0.000000000000000 
2 120 123 No Specified Boundary 2.700000000000000 
3 123 151 No Specified Boundary 0.000000000000000 
4 151 154 No Specified Boundary 2.700000000000000 
5 154 181 No Specified Boundary 0.000000000000000 
6 181 184 
V ) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
/ \ 
No Specified Boundary 2.700000000000000 
7 184 212 No Specified Boundary 0.000000000000000 
8 212 215 No Specified Boundary 2.700000000000000 
9 215 243 No Specified Boundary 0.000000000000000 
10 243 246 
r; 
No Specified Boundary 
(-) 
No Specified Boundary 
No Specified Boundary 2.700000000000000 
11 246 365 No Specified Boundary 0.000000000000000 
12 365 485 
V ) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
/ \ 
No Specified Boundary 0.000000000000000 
13 485 488 No Specified Boundary 2.7 
14 488 516 No Specified Boundary 0 
15 516 519 
V / 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
/ \ 
No Specified Boundary 2.7 
16 519 546 No Specified Boundary 0 
17 546 549 No Specified Boundary 2.7 
18 549 577 
r; 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
No Specified Boundary 0 
19 577 580 No Specified Boundary 2.7 
20 580 608 No Specified Boundary 0 
21 608 611 No Specified Boundary 2.7 
22 611 730 No Specified Boundary 0 
[VS2DT] Transport Lower Boundary 
# Start Time End Time Type Value Inflow Concentration 
(mg/l) 
1 0 730 No Specified Boundary 
(-) 
No Specified Boundary 0.000000000000000 
[VS2DT] Profile Initial Conditions 
Parameter Value Units 
Pressure Head -19.68504 (ft) 
Initial Concentration 0.000000000000000 (mg/l) 
[VS2DT7 Stress Period Defaults 
Parameter Value Units 
Initial Time Step 0.1000000 (days) 
Time Step Multiplier 1.20 (-) 
Maximum Time Step 10.0000000 (days) 
Minimum Time Step 0.0100000 (days) 
Reduction Factor 0.40 (-) 
Maximum Head Change 3.28084 (ft) 
Head Criterion 0.00328 (ft) 
Profile Structure (same as scenario#1) 
Irrigation 
2- Solute Curve 
0.2 1.2 2.2 
Value (mg/l) 
-EJ" Concentration-246.000 days 
Concentration-365.000 days 
-j&- Concentration-488.000 days 
- ^ - Concentration-611.000 days 
—f- Concentration-730.000 days 
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Time (days) 
615 
.352 cm 
K> 
TOTAL ELAPSED SIMULATION TIME = 7.300E+02 days 
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
+++ 
VOLUMETRIC FLOW BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
EVAPORATION --
TRANSPIRATION --
TOTAL EVAPOTRANSPIRATION -
CHANGE IN FLUID STORED IN DOMAIN -
FLUID VOLUME BALANCE -
+++++++++++++ 
TOTAL 
cm**3 
1.98E+02 
-1.94E+02 
2.84E+02 
O.OOE+OO 
4.82E+02 
-1.94E+02 
-4.47E+01 
-2.26E+02 
-2.71 E+02 
1.85E+01 
-1.80E+00 
SOLUTE MASS BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN -
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
TOTAL EVAPOTRANSPIRATION -
FIRST ORDER DECAY --
ADSORPTION/ION EXCHANGE -
CHANGE IN SOLUTE STORED IN DOMAIN -
SOLUTE MASS BALANCE -
g 
O.OOE+OO 
-2.63E-04 
6.83E-04 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
6.83E-04 
-2.63E-04 
-3.73E-04 
O.OOE+OO 
O.OOE+OO 
1.80E-05 
2.81 E-05 
K> 
t—* 
to 
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1. Profile. Irrigation - 10 years 
Model Settings 
[VS2DT] Case Settings 
Parameter Value Units 
Transport Simulation No adsorption or ion (-) 
exchange 
Soil Hydraulic Function van Genuchten (-) 
Initial Conditions: Water Uniform Pressure Head (-) 
Initial Conditions: Chemical Uniform Concentration (-) 
Max. Simulation Time 3650 (days) 
Evapotranspiration Evaporation and (-) 
transpiration 
[VS2DT] Solver Settings 
Parameter Value Units 
Flow Closure Criteria 0.00600 (ft) 
Relaxation 1.200 (-) 
Weighting Hydr. Cond. 0.5 (-) 
Transport Closure Criteria 0.100000000000000 (mg/l) 
Min. Iterations 2 (-) 
Max. Iterations 200 (-) 
Space Differencing Center-in-Space (-) 
Time Differencing Center-in-Time (-) 
Maximum Number of Time Steps 5000 (-) 
Display Balance Every Time Step yes <-) 
[VS2DT] Evapotranspiration 
# Start Time End Time Potential Surface Atmospheric Potential Root Depth (ft) 
Evaporation Rate Resistance to Pressure Evapotranspirati 
(cm/day) Evaporation 
(1/m) 
Potential (ft) on Rate (cm/day) 
1 0 60 0.20000000 0.00200 -3280.840 0.18000000 1.250 
2 60 120 0.20000000 0.00200 -3280.840 0.18000000 1.250 
3 120 180 0.20000000 0.00200 -3280.840 0.54 1.250 
4 180 240 0.20000000 0.00200 -3280.840 0.54 1.250 
5 240 300 0.20000000 0.00200 -3280.840 0.54000000 1.250 
6 300 360 0.20000000 0.00200 -3280.840 0.18 1.250 
7 360 420 0.20000000 0.00200 -3280.840 0.18 1.250 
8 420 480 0.20000000 0.00200 -3280.840 0.18 1.250 
9 480 540 0.20000000 0.00200 -3280.840 0.54000000 1.250 
10 540 600 0.20000000 0.00200 -3280.840 0.54 1.250 
11 600 660 0.20000000 0.00200 -3280.840 0.54 1.250 
12 660 720 0.20000000 0.00200 -3280.840 0.18000000 1.250 
13 720 780 0.20000000 0.00200 -3280.840 0.18000000 1.250 
14 780 840 0.20000000 0.00200 -3280.840 0.18000000 1.250 
15 840 900 0.20000000 0.00200 -3280.840 0.54 1.250 
16 900 960 0.20000000 0.00200 -3280.840 0.54 1.250 
17 960 1020 0.20000000 0.00200 -3280.840 0.54000000 1.250 
18 1020 1080 0.20000000 0.00200 -3280.840 0.18 1.250 
19 1080 1140 0.20000000 0.00200 -3280.840 0.18 1.250 
20 1140 1200 0.20000000 0.00200 -3280.840 0.18 1.250 
21 1200 1260 0.20000000 0.00200 -3280.840 0.54000000 1.250 
22 1260 1320 0.20000000 0.00200 -3280.840 0.54 1.250 
23 1320 1380 0.20000000 0.00200 -3280.840 0.54 1.250 
24 1380 1440 0.20000000 0.00200 -3280.840 0.18000000 1.250 
25 1440 1500 0.20000000 0.00200 -3280.840 0.18000000 1.250 
26 1500 1560 0.20000000 0.00200 -3280.840 0.18000000 1.250 
27 1560 1620 0.20000000 0.00200 -3280.840 0.54 1.250 
28 1620 1680 0.20000000 0.00200 -3280.840 054 1.250 
29 1680 1740 0.20000000 0.00200 -3280.840 0.54 1.250 
30 1740 1800 0.20000000 0.00200 -3280.840 0.18000000 1.250 
31 1800 1860 0.20000000 0.00200 -3280.840 0.18000000 1.250 
214 
32 1860 1920 0.20000000 0.00200 -3280.840 0.18000000 1.250 
33 1920 1980 0.20000000 0.00200 -3280.840 0.54 1.250 
34 1980 2040 0.20000000 0.00200 -3280.840 0.54 1.250 
35 2040 2100 0.20000000 0.00200 -3280.840 0.54 1.250 
36 2100 2160 0.20000000 0.00200 -3280.840 0.18 1.250 
37 2160 2220 0.20000000 0.00200 -3280.840 0.18 1.250 
38 2220 2280 0.20000000 0.00200 -3280.840 0.18 1.250 
39 2280 2340 0.20000000 0.00200 -3280.840 0.54 1.250 
40 2340 2400 0.20000000 0.00200 -3280.840 0.54 1.250 
41 2400 2460 0.20000000 0.00200 -3280.840 0.54 1.250 
42 2460 2520 0.20000000 0.00200 -3280.840 0.18 1.250 
43 2520 2580 0.20000000 0.00200 -3280.840 0.18 1.250 
44 2580 2640 0.20000000 0.00200 -3280.840 0.18 1.250 
45 2640 2700 0.20000000 0.00200 -3280.840 0.54 1.250 
46 2700 2760 0.20000000 0.00200 -3280.840 0.54 1.250 
47 2760 2820 0.20000000 0.00200 -3280.840 0.54 1.250 
48 2820 2880 0.20000000 0.00200 -3280.840 0.18 1.250 
49 2880 2940 0.20000000 0.00200 -3280.840 0.18 1.250 
50 2940 3000 0.20000000 0.00200 -3280.840 0.18 1.250 
51 3000 3060 0.20000000 0.00200 -3280.840 0.54 1.250 
52 3060 3120 0.20000000 0.00200 -3280.840 0.54 1.250 
53 3120 3180 0.20000000 0.00200 -3280.840 0.54 1.250 
54 3180 3240 0.20000000 0.00200 -3280.840 0.18 1.250 
55 3240 3300 0.20000000 0.00200 -3280.840 0.18 1.250 
56 3300 3360 0.20000000 0.00200 -3280.840 0.18 1.250 
57 3360 3420 0.20000000 0.00200 -3280.840 0.54 1.250 
58 3420 3480 0.20000000 0.00200 -3280.840 0.54 1.250 
59 3480 3540 0.20000000 0.00200 -3280.840 0.54 1.250 
60 3540 3600 0.20000000 0.00200 -3280.840 0.18 1.250 
61 3600 3660 0.20000000 0.00200 -3280.840 0.18 1.250 
62 3660 3720 0.20000000 0.00200 -3280.840 0.18 1.250 
63 3720 3780 0.20000000 0.00200 -3280.840 0.54 1.250 
64 3780 3840 0.20000000 0.00200 -3280.840 0.54 1.250 
65 3840 3900 0.20000000 0.00200 -3280.840 0.54 1.250 
66 3900 3960 0.20000000 0.00200 -3280.840 0.18 1.250 
(continued) 
# Start Time End Time Root Activity At 
Base (1/cm2) 
Root Activity At 
Top (1/cm2) 
Root Pressure 
(ft) 
1 0 60 1.0000 1.0000 -492.12600 
2 60 120 1.0000 1.0000 -492.12600 
3 120 180 1.0000 1.0000 -492.12600 
4 180 240 1.0000 1.0000 -492.12600 
5 240 300 1.0000 1.0000 -492.12600 
6 300 360 1.0000 1.0000 -492.12600 
7 360 420 1.0000 1.0000 -492.12600 
8 420 480 1.0000 1.0000 -492.12600 
9 480 540 1.0000 1.0000 -492.12600 
10 540 600 1.0000 1.0000 -492.12600 
11 600 660 1.0000 1.0000 •492.12600 
12 660 720 1.0000 1.0000 -492.12600 
13 720 780 1.0000 1.0000 -492.12600 
14 780 840 1.0000 1.0000 -492.12600 
15 840 900 1.0000 1.0000 -492.12600 
16 900 960 1.0000 1.0000 -492.12600 
17 960 1020 1.0000 1.0000 -492.12600 
18 1020 1080 1.0000 1.0000 -492.12600 
19 1080 1140 1.0000 1.0000 -492.12600 
20 1140 1200 1.0000 1.0000 -492.12600 
21 1200 1260 1.0000 1.0000 -492.12600 
22 1260 1320 1.0000 1.0000 -492.12600 
23 1320 1380 1.0000 1.0000 -492.12600 
24 1380 1440 1.0000 1.0000 -492.12600 
25 1440 1500 1.0000 1.0000 -492.12600 
26 1500 1560 1.0000 1.0000 -492.12600 
27 1560 1620 1.0000 1.0000 -492.12600 
28 1620 1680 1.0000 1.0000 -492.12600 
29 1680 1740 1.0000 1.0000 -492.12600 
30 1740 1800 1.0000 1.0000 -492.12600 
31 1800 1860 1.0000 1.0000 -492.12600 
32 1860 1920 1.0000 1.0000 -492.12600 
33 1920 1980 1.0000 1.0000 -492.12600 
34 1980 2040 1.0000 1.0000 -492.12600 
35 2040 2100 1.0000 1.0000 -492.12600 
36 2100 2160 1.0000 1.0000 -492.12600 
37 2160 2220 1.0000 1.0000 -492.12600 
38 2220 2280 1.0000 1.0000 -492.12600 
39 2280 2340 1.0000 1.0000 -492.12600 
40 2340 2400 1.0000 1.0000 -492.12600 
41 2400 2460 1.0000 1.0000 -492.12600 
42 2460 2520 1.0000 1.0000 -492.12600 
43 2520 2580 1.0000 1.0000 -492.12600 
44 2580 2640 1.0000 1.0000 -492.12600 
45 2640 2700 1.0000 1.0000 -492.12600 
46 2700 2760 1.0000 1.0000 -492.12600 
47 2760 2820 1.0000 1.0000 -492.12600 
48 2820 2880 1.0000 1.0000 -492.12600 
49 2880 2940 1.0000 1.0000 -492.12600 
50 2940 3000 1.0000 1.0000 -492.12600 
51 3000 3060 1.0000 1.0000 -492.12600 
52 3060 3120 1.0000 1.0000 -492.12600 
53 3120 3180 1.0000 1.0000 -492.12600 
54 3180 3240 1.0000 1.0000 -492.12600 
55 3240 3300 1.0000 1.0000 -492.12600 
56 3300 3360 1.0000 1.0000 -492.12600 
57 3360 3420 1.0000 1.0000 -492.12600 
58 3420 3480 1.0000 1.0000 -492.12600 
59 3480 3540 1.0000 1.0000 -492.12600 
60 3540 3600 1.0000 1.0000 -492.12600 
61 3600 3660 1.0000 1.0000 -492.12600 
62 3660 3720 1.0000 1.0000 -492.12600 
63 3720 3780 1.0000 1.0000 -492.12600 
64 3780 3840 1.0000 1.0000 -492.12600 
65 3840 3900 1.0000 1.0000 -492.12600 
66 3900 3960 1.0000 1.0000 -492.12600 
[VS2DTj Observation Times 
# Time Balance summary (-) j 
1 0 yes I 
[VS2DT] Flow Upper Boundary 
# Start Time End Time Type Value Allowed Ponding (ft) 
1 0 120 Evapotranspiration (-) See ET settings 0.03281 
2 120 123 Flux (cm/day) 8.507000000 0.03281 
3 123 130 Flux (cm/day) 0.127000000 0.03281 
4 130 150 Flux (cm/day) 0.030500000 0.03281 
5 150 151 Evapotranspiration {-) See ET settings 0.03281 
6 151 153 Flux (cm/day) 8.380000000 0.03281 
7 153 154 Flux (cm/day) 8.608600000 0.03281 
8 154 164 Evapotranspiration (-) See ET settings 0.03281 
9 164 165 Flux (cm/day) 0.279000000 0.03281 
10 165 178 Flux (cm/day) 0.027000000 0.03281 
11 178 179 Flux (cm/day) 4.850000000 0.03281 
12 179 181 Evapotranspiration (-) See ET settings 0.03281 
13 181 184 Flux (cm/day) 8.380000000 0.03281 
14 184 190 Evapotranspiration (-) See ET settings 0.03281 
15 190 191 Flux (cm/day) 1.020000000 0.03281 
16 191 197 Evapotranspiration (-) See ET settings 0.03281 
17 197 198 Flux (cm/day) 5.334000000 0.03281 
18 198 203 Evapotranspiration (-) See ET settings 0.03281 
19 203 204 Flux (cm/day) 0.736600000 0.03281 
20 204 212 Evapotranspiration (-) See ET settings 0.03281 
21 212 215 Flux (cm/day) 8.400500000 0.03281 
22 215 243 Flux (cm/day) 0.020500000 0.03281 
23 243 246 Flux (cm/day) 8.407000000 0.03281 
24 246 273 Flux (cm/day) 0.027000000 0.03281 
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25 273 365 Evapotransplration (-) See ET settings 0.03281 
26 365 485 Evapotranspiration (-) See ET settings 0.03281 
27 485 488 Flux (cm/day) 8.507000000 0.03281 
28 488 495 Flux (cm/day) 0.127000000 0.03281 
29 495 515 Flux (cm/day) 0.030500000 0.03281 
30 515 516 Evapotranspiration (-) See ET settings 0.03281 
31 516 518 Flux (cm/day) 8.380000000 0.03281 
32 518 519 Flux (cm/day) 8.608600000 0.03281 
33 519 529 Evapotranspiration (-) See ET settings 0.03281 
34 529 530 Flux (cm/day) 0.279000000 0.03281 
35 530 543 Flux (cm/day) 0.027000000 0.03281 
36 543 544 Flux (cm/day) 4.850000000 0.03281 
37 544 546 Evapotranspiration (-) See ET settings 0.03281 
38 546 549 Flux (cm/day) 8.380000000 0.03281 
39 549 555 Evapotranspiration (-) See ET settings 0.03281 
40 555 556 Flux (cm/day) 1.020000000 0.03281 
41 556 562 Evapotranspiration (-) See ET settings 0.03281 
42 562 563 Flux (cm/day) 5.334000000 0.03281 
43 563 568 Evapotranspiration (-) See ET settings 0.03281 
44 568 569 Flux (cm/day) 0.736600000 0.03281 
45 569 577 Evapotransplration (-) See ET settings 0.03281 
46 577 580 Flux (cm/day) 8.400500000 0.03281 
47 580 608 Flux (cm/day) 0.020500000 0.03281 
48 608 611 Flux (cm/day) 8.407000000 0.03281 
49 611 638 Flux (cm/day) 0.027000000 0.03281 
50 638 730 Evapotranspiration (-) See ET settings 0.03281 
51 730 850 Evapotranspiration (-) See ET settings 0.03281 
52 850 853 Flux (cm/day) 8.507 0.03281 
53 853 860 Flux (cm/day) 0.127 0.03281 
54 860 877 Flux (cm/day) 0.0305 0.03281 
55 877 878 Evapotranspiration (-) See ET settings 0.03281 
56 878 880 Flux (cm/day) 8.38 0.03281 
57 880 881 Flux (cm/day) 8.6086 0.03281 
58 881 891 Evapotranspiration (-) See ET settings 0.03281 
59 891 892 Flux (cm/day) 0.279 0.03281 
60 892 905 Flux (cm/day) 0.027 0.03281 
61 905 906 Flux (cm/day) 4.85 0.03281 
62 906 908 Evapotranspiration (-) See ET settings 0.03281 
63 908 911 Flux (cm/day) 8.38 0.03281 
64 911 917 Evapotranspiration (-) See ET settings 0.03281 
65 917 918 Flux (cm/day) 1.02 0.03281 
66 918 924 Evapotranspiration (-) See ET settings 0.03281 
67 924 925 Flux (cm/day) 5.334 0.03281 
68 925 930 Evapotranspiration (-) See ET settings 0.03281 
69 930 931 Flux (cm/day) 0.7366 0.03281 
70 931 939 Evapotranspiration (-) See ET settings 0.03281 
71 939 942 Flux (cm/day) 8.405 0.03281 
72 942 970 Flux (cm/day) 0.0205 0.03281 
73 970 973 Flux (cm/day) 8.407 0.03281 
74 973 1000 Flux (cm/day) 0.027 0.03281 
75 1000 1092 Evapotranspiration (-) See ET settings 0.03281 
76 1092 1212 Evapotranspiration (-) See ET settings 0.03281 
77 1212 1215 Flux (cm/day) 8.507 0.03281 
78 1215 1222 Flux (cm/day) 0.127 0.03281 
79 1222 1242 Flux (cm/day) 0.0305 0.03281 
80 1242 1243 Evapotranspiration (-) See ET settings 0.03281 
81 1243 1245 Flux (cm/day) 8.38 0.03281 
82 1245 1246 Flux (cm/day) 8.6086 0.03281 
83 1246 1256 Evapotranspiration (-) See ET settings 0.03281 
84 1256 1257 Flux (cm/day) 0.279 0.03281 
85 1257 1270 Flux (cm/day) 0.027 0.03281 
86 1270 1271 Flux (cm/day) 4.85 0.03281 
87 1271 1273 Evapotranspiration (-) See ET settings 0.03281 
88 1273 1276 Flux (cm/day) 8.38 0.03281 
89 1276 1282 Evapotranspiration (-) See ET settings 0.03281 
90 1282 1283 Flux (cm/day) 1.02 0.03281 
91 1283 1289 Evapotranspiration (-) See ET settings 0.03281 
92 1289 1290 Flux (cm/day) 5.334 0.03281 
93 1290 1304 Evapotranspiration (-} See ET settings 0.03281 
94 1304 1307 Flux (cm/day) 8.405 0.03281 
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95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
1307 
1335 
1338 
1580 
1583 
1611 
1614 
1638 
1639 
1641 
1644 
1657 
1658 
1672 
1675 
1703 
1706 
1945 
1948 
1976 
1979 
2003 
2004 
2006 
2009 
2015 
2016 
2022 
2023 
2037 
2040 
2068 
2071 
2310 
2313 
2341 
2343 
2344 
2368 
2369 
2371 
2374 
2380 
2381 
2387 
2388 
2402 
2405 
2433 
2436 
2675 
2678 
2706 
2709 
2733 
2734 
2736 
2739 
2752 
2753 
2767 
2770 
2798 
2801 
3040 
3043 
3071 
3074 
3098 
3099 
1335 
1338 
1580 
1583 
1611 
1614 
1638 
1639 
1641 
1644 
1657 
1658 
1672 
1675 
1703 
1706 
1945 
1948 
1976 
1979 
2003 
2004 
2006 
2009 
2015 
2016 
2022 
2023 
2037 
2040 
2068 
2071 
2310 
2313 
2341 
2343 
2344 
2368 
2369 
2371 
2374 
2380 
2381 
2387 
2388 
2402 
2405 
2433 
2436 
2675 
2678 
2706 
2709 
2733 
2734 
2736 
2739 
2752 
2753 
2767 
2770 
2798 
2801 
3040 
3043 
3071 
3074 
3098 
3099 
3101 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotransplration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration 
Flux (cm/day) 
Evapotranspiration ( 
(-) 
See ET settings 
8.407 
See ET settings 
8.507 
See ET settings 
8.6086 
See ET settings 
4.85 
See ET settings 
8.38 
See ET settings 
5.334 
See ET settings 
8.4005 
See ET settings 
8.407 
See ET settings 
8.507 
See ET settings 
8.6086 
See ET settings 
4.85 
See ET settings 
8.38 
See ET settings 
1.02 
See ET settings 
5.334 
See ET settings 
8.4005 
See ET settings 
8.407 
See ET settings 
8.507 
See ET settings 
8.38 
8.6086 
See ET settings 
4.85 
See ET settings 
8.38 
See ET settings 
1.02 
See ET settings 
5.334 
See ET settings 
8.4005 
See ET settings 
8.407 
See ET settings 
8.507 
See ET settings 
8.6086 
See ET settings 
4.85 
See ET settings 
8.38 
See ET settings 
5.334 
See ET settings 
8.4005 
See ET settings 
8.407 
See ET settings 
8.507 
See ET settings 
8.6086 
See ET settings 
4.85 
See ET settings 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
165 3101 3104 Flux (cm/day) 8.38 0.03281 
166 3104 3117 Evapotranspiration (-) See ET settings 0.03281 
167 3117 3118 Flux (cm/day) 5.334 0.03281 
168 3118 3132 Evapotranspiration (-) See ET settings 0.03281 
169 3132 3135 Flux (cm/day) 8.4005 0.03281 
170 3135 3163 Evapotranspiration (-) See ET settings 0.03281 
171 3163 3166 Flux (cm/day) 8.407 0.03281 
172 3166 3405 Evapotranspiration (-) See ET settings 0.03281 
173 3405 3408 Flux (cm/day) 8.507 0.03281 
174 3408 3433 Evapotranspiration (-) See ET settings 0.03281 
175 3433 3436 Flux (cm/day) 8.6086 0.03281 
176 3436 3460 Evapotranspiration (-) See ET settings 0.03281 
177 3460 3461 Flux (cm/day) 4.85 0.03281 
178 3461 3463 Evapotranspiration (-) See ET settings 0.03281 
179 3463 3466 Flux (cm/day) 8.38 0.03281 
180 3466 3479 Evapotranspiration (-) See ET settings 0.03281 
181 3479 3480 Flux (cm/day) 5.334 0.03281 
182 3480 3494 Evapotranspiration (-) See ET settings 0.03281 
183 3494 3497 Flux (cm/day) 8.4005 0.03281 
184 3497 3525 Evapotranspiration (-) See ET settings 0.03281 
185 3525 3528 Flux (cm/day) 8.407 0.03281 
186 3528 3650 Evapotranspiration (-) See ET settings 0.03281 
[VS2D11 Flow Lower Boundary 
# Start Time End Time Type Value 
1 0 3650 Pressure Head (ft) 0.00000 
[VS2D7] Transport Upper Boundary 
# Start Time End Time Type Value Inflow Concentration 
(mg/1) 
0 
120 
123 
151 
154 
181 
184 
212 
215 
243 
246 
485 
488 
516 
519 
546 
549 
577 
580 
120 
123 
151 
154 
181 
184 
212 
215 
243 
246 
485 
488 
516 
519 
546 
549 
577 
580 
608 
No Specified Boundary|N 
<-) 
No Specified BoundaryjNi 
(-) 
No Specified BoundaryjN 
(-) 
No Specified Boundary 
<-) 
No Specified Boundary N 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary|N 
<-) 
No Specified Boundary|Ni 
(-) 
No Specified Boundary H 
(-) 
No Specified BoundaryjN 
(-) 
No Specified Boundary Ni 
(-) 
No Specified Boundary 
<-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
<-) 
No Specified Boundary 
<-) 
No Specified Boundary 
lo Specified Boundary 
lo Specified Boundary 
lo Specified Boundary 
No Specified Boundary 
lo Specified Boundary 
No Specified Boundary 
lo Specified Boundary 
lo Specified Boundary 
lo Specified Boundary 
lo Specified Boundary 
lo Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
No Specified Boundary 
0 
2.7 
0.000000000000000 
2.7 
0.000000000000000 
2.7 
0.000000000000000 
2.7 
0.000000000000000 
2.7 
0 
2.7 
0.000000000000000 
2.7 
0.000000000000000 
2.7 
0.000000000000000 
2.7 
0.000000000000000 
20 608 611 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
i \ 
No Specified Boundary 2.7 
21 611 850 No Specified Boundary 0.000000000000000 
22 850 853 
\ ) 
No Specified Boundary 
(-) 
No Specified Boundary 
M 
No Specified Boundary 2.7 
23 853 878 No Specified Boundary 0.000000000000000 
24 878 881 
\ / 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
/ _ )  
No Specified Boundary 2.7 
25 881 908 No Specified Boundary 0.000000000000000 
26 908 911 No Specified Boundary 2.7 
27 911 939 No Specified Boundary 0.000000000000000 
28 939 942 
\ / 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
/ \ 
No Specified Boundary 2.7 
29 942 970 No Specified Boundary 0.000000000000000 
30 970 973 No Specified Boundary 2.7 
31 973 1212 No Specified Boundary 0.000000000000000 
32 1212 1215 
' / 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
/ ^ 
No Specified Boundary 2.7 
33 1215 1243 No Specified Boundary 0.000000000000000 
34 1243 1246 No Specified Boundary 2.7 
35 1246 1273 No Specified Boundary 0.000000000000000 
36 1273 1276 
' ) 
No Specified Boundary 
(-) 
No Specified Boundary 
No Specified Boundary 2.7 
37 1276 1304 No Specified Boundary 0.000000000000000 
38 1304 1307 
\ J 
No Specified Boundary No Specified Boundary 2.7 
39 1307 1335 
\ / 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
<-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
No Specified Boundary 0.000000000000000 
40 1335 1338 No Specified Boundary 2.7 
41 1338 1580 No Specified Boundary 0.000000000000000 
42 1580 1583 No Specified Boundary 2.7 
43 1583 1611 No Specified Boundary 0.000000000000000 
44 1611 1614 No Specified Boundary 2.7 
45 1614 1641 No Specified Boundary 0.000000000000000 
46 1641 1644 
v) 
No Specified Boundary 
<-) 
No Specified Boundary 
(-) 
No Specified Boundary 
No Specified Boundary 2.7 
47 1644 1672 No Specified Boundary 0.000000000000000 
48 1672 1675 No Specified Boundary 2.7 
49 1675 1703 
\ / 
No Specified Boundary 
<-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
M 
No Specified Boundary 0.000000000000000 
50 1703 1706 No Specified Boundary 2.7 
51 1706 1945 No Specified Boundary 0.000000000000000 
52 1945 1948 No Specified Boundary 2.7 
53 1948 1976 No Specified Boundary 
(-) 
No Specified Boundary 
No Specified Boundary 0.000000000000000 
54 1976 1979 No Specified Boundary 2.7 
55 1979 2006 
(-) 
No Specified Boundary No Specified Boundary 0.000000000000000 
56 2006 2009 
\ ) 
No Specified Boundary 
/ \ 
No Specified Boundary 2.7 
57 2009 2037 
\ )  
No Specified Boundary 
( \  
No Specified Boundary 0.000000000000000 
58 2037 2040 
\ )  
No Specified Boundary 
/ \ 
No Specified Boundary 2.7 
59 2040 2068 
V / 
No Specified Boundary 
(-) 
No Specified Boundary 
No Specified Boundary 0.000000000000000 
60 2068 2071 No Specified Boundary 2.7 
61 2071 2310 
\ )  
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
/ \ 
No Specified Boundary 0.000000000000000 
62 2310 2313 No Specified Boundary 2.7 
63 2313 2341 No Specified Boundary 0.000000000000000 
64 2341 2344 No Specified Boundary 2.7 
65 2344 2371 No Specified Boundary 0.000000000000000 
66 2371 2374 No Specified Boundary 2.7 
67 2374 2402 No Specified Boundary 0.000000000000000 
68 2402 2405 No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
<-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
<-) 
No Specified Boundary 
(-) 
No Specified Boundary 
<-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
f \  
No Specified Boundary 2.7 
69 2405 2433 No Specified Boundary 0.000000000000000 
70 2433 2436 No Specified Boundary 2.7 
71 2436 2675 No Specified Boundary 0.000000000000000 
72 2675 2678 No Specified Boundary 2.7 
73 2678 2706 No Specified Boundary 0.000000000000000 
74 2706 2709 No Specified Boundary 2.7 
75 2709 2736 No Specified Boundary 0.000000000000000 
76 2736 2739 No Specified Boundary 2.7 
77 2739 2767 No Specified Boundary 0.000000000000000 
78 2767 2770 No Specified Boundary 2.7 
79 2770 2798 No Specified Boundary 0.000000000000000 
80 2798 2801 No Specified Boundary 2.7 
81 2801 3040 No Specified Boundary 0.000000000000000 
82 3040 3043 No Specified Boundary 2.7 
83 3043 3071 No Specified Boundary 0.000000000000000 
84 3071 3074 No Specified Boundary 2.7 
85 3074 3101 No Specified Boundary 0.000000000000000 
86 3101 3104 No Specified Boundary 2.7 
87 3104 3132 No Specified Boundary 0.000000000000000 
88 3132 3135 No Specified Boundary 2.7 
89 3135 3163 
i) 
No Specified Boundary No Specified Boundary 0.000000000000000 
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90 3163 3166 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
/ \ 
No Specified Boundary 2.7 
91 3166 3405 No Specified Boundary 0.000000000000000 
92 3405 3408 
\ / 
No Specified Boundary No Specified Boundary 2.7 
93 3408 3433 
\ )  
No Specified Boundary No Specified Boundary 0.000000000000000 
94 3433 3436 
v)  
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
No Specified Boundary 2.7 
95 3436 3463 No Specified Boundary 0.000000000000000 
96 3463 3466 No Specified Boundary 2.7 
97 3466 3494 No Specified Boundary 0.000000000000000 
98 3494 3497 No Specified Boundary 2.7 
99 3497 3525 
\ )  
No Specified Boundary 
i_\ 
No Specified Boundary 0.000000000000000 
100 3525 3528 
\ / 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 2.7 
101 3528 3650 No Specified Boundary 0.000000000000000 
[VS2DT] Transport Lower Boundary 
# Start Time End Time Type Value Inflow Concentration 
(mg/l) 
1 0 3650 No Specified Boundary 
(-) 
No Specified Boundary 0.000000000000000 
[VS2DTJ Profile Initial Conditions 
Parameter Value Units 
Pressure Head -19.68504 (ft) 
Initial Concentration 0.000000000000000 (mg/l) 
[VS2D7j Stress Period Defaults 
Parameter Value Units 
Initial Time Step 0.1000000 (days) 
Time Step Multiplier 1.20 (-) 
Maximum Time Step 10.0000000 (days) 
Minimum Time Step 0.0100000 (days) 
Reduction Factor 0.40 (-) 
Maximum Head Change 3.28084 (ft) 
Head Criterion 0.00328 (ft) 
Profile Structure 
Layer Top (ft) Bottom (ft) Thickness (ft) 
tiOl) Sand 0.0000 -5.2000 5.2000 
1-1. Layer. Sand 
[VS2DV Soil Parameters 
Parameter Value Units 
Horizontal Sat.Hydr.Conductivity 1000.000003044 (cm/day) 
Specific Storage 0.00000010 (1/cm) 
Porosity 0.360 (vol/vol) 
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Qr 
Alpha' (van Genuchten) 
Beta' (van Genuchten) 
[VS2DT] Transport Parameters 
Parameter Value Units 
Alpha L 1.31234 (ft) 
Dm (Molecular Diffusion) 0.5000000 (cm2/day) 
Decay Constant 0.00000000 (/hr) 
Bulk density 1.400 (g/cu.cm) 
M 0j51 
Value(none) 
gabnft»-3KBgfldy 
sahaaoi-OigamDOM 
0.71 
0.030 
-0.65617 
1.70000 
(vol/vol) 
(ft) 
TOTAL ELAPSED SIMULATION TIME = 3.448E+03 days 
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
+++ 
VOLUMETRIC FLOW BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES --
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN --
EVAPORATION -
TRANSPIRATION -
TOTAL EVAPOTRANSPIRATION --
CHANGE IN FLUID STORED IN DOMAIN -
FLUID VOLUME BALANCE -
SOLUTE MASS BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES --
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES --
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN » 
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
TOTAL EVAPOTRANSPIRATION -
FIRST ORDER DECAY -
ADSORPTION/ION EXCHANGE -
CHANGE IN SOLUTE STORED IN DOMAIN --
SOLUTE MASS BALANCE -
+++++++++++ 
++ 
TOTAL 
cm **3 
1.05E+03 
-9.79E+02 
1.30E+03 
O.OOE+OO 
2.35E+03 
-9.79E+02 
-1.11E+02 
-1.24E+03 
-1.35E+03 
2.48E+01 
-1.60E+00 
O.OOE+OO 
-1.53E-03 
3.22E-03 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
3.22E-03 
-1.53E-03 
-1.55E-03 
O.OOE+OO 
O.OOE+OO 
7.06E-05 
6.96E-05 
Irrigation - Solute Curve 
*— 
O 
CN 
0.1 0.6 1.1 1 
Value ( 
—#• Coi«ttafoi-T30Jinfep 
-&• Coic«nrat)oi-i[B5ini^ Cot«nj3toi-n€ajiE<S/f 
-f- COkCilt3llCi|-3335OTl(S|S ... 
Irrigation Solute Curve 
"W. '""A. 
Value (mg/l) 
Concentration-1246.000 days 
~ffl~ Concentration-1270.000 days 
-&-• Concentration-1271.000 days 
Concentration-1273.000 days 
~t-~ Concentration-1276.000 days 
< 4 
VI 
2073 73 1073 3073 
Concentration-149.352 cm 
1073 
Time (days) 
IS-- Total flux out of domain-Flow 
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1. Profile. Management #1 
Management model in which irrigation is put on for only 1.5 days, 
twice a month, at same rate. 
Model Settings (only listed changed conditions) 
[VS2DTJ Flow Upper Boundary 
# Start Time End Time Type Value Allowed Ponding (ft) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
0 
120 
121.5 
135 
136.5 
150 
151.5 
165 
166.5 
181 
182.5 
196 
197.5 
212 
213.5 
227 
228.5 
243 
244.5 
258 
259.5 
120 
121.5 
135 
136.5 
150 
151.5 
165 
166.5 
181 
182.5 
196 
197.5 
212 
213.5 
227 
228.5 
243 
244.5 
258 
259.5 
365 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
Flux (cm/day) 
Evapotranspiration (-) 
See ET settings 
8.38 
See ET settings 
8.38 
See ET settings 
8.38 
See ET settings 
8.38 
See ET settings 
8.407000000 
See ET settings 
8.38 
See ET settings 
8.38 
See ET settings 
8.38 
See ET settings 
8.38 
See ET settings 
8.38 
See ET settings 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
0.03281 
[VS2D17 Transport Upper Boundary 
# Start Time End Time Type Value Inflow Concentration 
(mg/l) 
1 0 120 No Specified Boundary 
(-) 
No Specified Boundary 
/ \ 
No Specified Boundary 0.000000000000000 
2 120 121.5 No Specified Boundary 2.7 
3 121.5 135 
\ )  
No Specified Boundary No Specified Boundary 0.000000000000000 
4 135 136.5 
V ) 
No Specified Boundary 
/ \ 
No Specified Boundary 2.7 
5 136.5 150 
V / 
No Specified Boundary No Specified Boundary 0.000000000000000 
6 150 151.5 
v) 
No Specified Boundary No Specified Boundary 2.7 
7 151.5 165 
\ )  
No Specified Boundary No Specified Boundary 0.000000000000000 
8 165 166.5 
\  )  
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
/ \ 
No Specified Boundary 2.7 
9 166.5 181 No Specified Boundary 0.000000000000000 
10 181 182.5 No Specified Boundary 2.7 
11 182.5 196 No Specified Boundary 0.000000000000000 
12 196 197.5 
V / 
No Specified Boundary No Specified Boundary 2.7 
13 197.5 212 
\ )  
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 
No Specified Boundary 0.000000000000000 
14 212 213.5 No Specified Boundary 2.7 
15 213.5 227 No Specified Boundary 0.000000000000000 
16 227 228.5 No Specified Boundary 2.7 
17 228.5 243 No Specified Boundary 0.000000000000000 
18 243 244.5 
(-) 
No Specified Boundary 
/ \ 
No Specified Boundary 2.7 
19 244.5 258 
w 
No Specified Boundary 
/ \ 
No Specified Boundary 0.000000000000000 
20 258 259.5 
\") 
No Specified Boundary 
(-) 
No Specified Boundary 
(-) 
No Specified Boundary 2.7 
21 259.5 365 No Specified Boundary 0.000000000000000 
Management 
1 -Saturation Curve 
o 
CM 
XZ 
00 
0.1 0.3 0.5 0.7 0.9 
Value (none) 
-®- Saturation-65.700 days Saturation-120.000 days 
Saturation-121.500 days ~W~ Saturation-135.000 days 
—f— Saturation-136.500 days —x- Saturation-255.500 days 
Saturated almost as much as in irrigation model (0.6 saturation after each irrigation event). 
Management#1! - After 365 days 
VOLUMETRIC FLOW BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
TOTAL FLUX INTO DOMAIN --
TOTAL FLUX OUT OF DOMAIN -
EVAPORATION -
TRANSPIRATION -
TOTAL EVAPOTRANSPIRATION -
CHANGE IN FLUID STORED IN DOMAIN -
FLUID VOLUME BALANCE -
SOLUTE MASS BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN -
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
TOTAL EVAPOTRANSPIRATION -
FIRST ORDER DECAY --
ADSORPTION/ION EXCHANGE -
CHANGE IN SOLUTE STORED IN DOMAIN -
SOLUTE MASS BALANCE -
TOTAL 
cm** 3 
1.03E+02 
-6.45E+01 
1.26E+02 
O.OOE+OO 
2.29E+02 
-6.45E+01 
-3.16E+01 
-1 14E+02 
-1.46E+02 
2.01 E+01 
-1.82E+00 
g 
0.00E+00 
-7.97E-05 
3.39E-04 
0.00E+00 
0.00E+00 
0.00E+00 
3.39E-04 
-7.97E-05 
-2.29E-04 
O.OOE+OO 
O.OOE+OO 
2.57E-05 
4.92E-06 
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Management #2 
Management model in which rate of application was cut by 40%. 
Model Settings 
[VS2DT] Case Settings 
Parameter Value Units 
Transport Simulation 
Soil Hydraulic Function 
Initial Conditions: Water 
Initial Conditions: Chemical 
Max. Simulation Time 
Evapotranspiration 
No adsorption or ion 
exchange 
van Genuchten 
Uniform Pressure Head 
Uniform Concentration 
365.00000 
Evaporation and 
transpiration 
(-) 
(-) 
(-) 
(-) 
(days) 
(-) 
[VS2DT] Solver Settings 
Parameter Value Units 
Flow Closure Criteria 
Relaxation 
Weighting Hydr. Cond. 
Transport Closure Criteria 
Min. Iterations 
Max. Iterations 
Space Differencing 
Time Differencing 
Maximum Number of Time Steps 
Display Balance Every Time Step 
0.00600 
1.200 
0.5 
0.100000000000000 
2 
200 
Center-in-Space 
Center-in-Time 
5000 
yes 
(ft) 
(-) 
(-) 
(mg/l) 
(-) 
(-) 
(-) 
(-) 
(-) 
(-) 
[VS2DT] Evapotranspiration 
# Start Time End Time Potential 
Evaporation Rate 
(cm/day) 
Surface 
Resistance to 
Evaporation 
(1/m) 
Atmospheric 
Pressure 
Potential (ft) 
Potential 
Evapotranspirati 
on Rate (cm/day) 
Root Depth (ft) 
1 
2 
0 
365 
365 
730 
0.20000000 
0.20000000 
0.00200 
0.00200 
-3280.840 
-3280.840 
0.30000000 
0.30000001 
1.250 
0.328 
(continued) 
# Start Time End Time Root Activity At 
Base (1/cm2) 
Root Activity At 
Top (1/cm2) 
Root Pressure 
(ft) 
1 
2 
0 
365 
365 
730 
1.0000 
1.0000 
1.0000 
1.0000 
-492.12600 
-492.12600 
[VS2DT] Observation Times 
# Time Balance summary (-) 
1 0 yes 
[VS2D7] Flow Upper Boundary 
# Start Time End Time Type Value Allowed Ponding (ft) 
1 0 120 Evapotranspiration (-) See ET settings 0.03281 
2 120 123 Flux (cm/day) 5 0.03281 
3 123 130 Flux (cm/day) 0.127000000 0.03281 
4 130 150 Flux (cm/day) 0.030500000 0.03281 
5 150 151 Evapotranspiration (-) See ET settings 0.03281 
6 151 153 Flux (cm/day) 5 0.03281 
7 153 154 Flux (cm/day) 5 0.03281 
8 154 164 Evapotranspiration (-) See ET settings 0.03281 
9 164 165 Flux (cm/day) 0.279000000 0.03281 
10 165 178 Flux (cm/day) 0.027000000 0.03281 
11 178 179 Flux (cm/day) 4.850000000 0.03281 
12 179 181 Evapotranspiration (-) See ET settings 0.03281 
13 181 184 Flux (cm/day) 5 0.03281 
14 184 190 Evapotranspiration (-) See ET settings 0.03281 
15 190 191 Flux (cm/day) 1.020000000 0.03281 
16 191 197 Evapotranspiration (-) See ET settings 0.03281 
17 197 198 Flux (cm/day) 5.334000000 0.03281 
18 198 203 Evapotranspiration (-) See ET settings 0.03281 
19 203 204 Flux (cm/day) 0.736600000 0.03281 
20 204 212 Evapotranspiration (-) See ET settings 0.03281 
21 212 215 Flux (cm/day) 5 0.03281 
22 215 243 Flux (cm/day) 0.020500000 0.03281 
23 243 246 Flux (cm/day) 5 0.03281 
24 246 273 Flux (cm/day) 0.027000000 0.03281 
25 273 365 Evapotranspiration (-) See ET settings 0.03281 
[VS2DTJ Flow Lower Boundary 
# Start Time End Time Type Value 
1 0 366 Pressure Head (ft) 0.00000 
[VS2DT] Transport Upper Boundary 
Start Time End Time Type Value Inflow Concentration 
(mg/l) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
0 
120 
123 
151 
154 
181 
184 
212 
215 
243 
246 
120 
123 
151 
154 
181 
184 
212 
215 
243 
246 
365 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
(-) 
No Specified 
fc) 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Boundary 
Specified Boundary 
Specified Boundary 
Specified Boundary 
Specified Boundary 
Specified Boundary 
Specified Boundary 
Specified Boundary 
Specified Boundary 
Specified Boundary 
Specified Boundary 
Specified Boundary 
0.000000000000000 
2.700000000000000 
0.000000000000000 
2.700000000000000 
0.000000000000000 
2.700000000000000 
0.000000000000000 
2.700000000000000 
0.000000000000000 
2.700000000000000 
0.000000000000000 
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Management 
2-Soiute Curve 
o 
CN 
JZ JL D Q 
0.1 2.1 1.1 
Value (mgd) 
Concentration-123.000 days Concentration-153,000 days 
HF- Concentration-184.000 days —f- Concentration-215.000 days 
Concentration-246.000 days 
Concentration of solute moving across lower boundary are lower than in irrigation model (1.9-2.4mg/L). 
Management#2-After 365 Days 
VOLUMETRIC FLOW BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES --
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN -
EVAPORATION -
TRANSPIRATION -
TOTAL EVAPOTRANSPIRATION -
CHANGE IN FLUID STORED IN DOMAIN -
FLUID VOLUME BALANCE -
SOLUTE MASS BALANCE 
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES -
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES -
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN --
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN -
TOTAL FLUX INTO DOMAIN -
TOTAL FLUX OUT OF DOMAIN --
TOTAL EVAPOTRANSPIRATION -
FIRST ORDER DECAY -
ADSORPTION/ION EXCHANGE --
CHANGE IN SOLUTE STORED IN DOMAIN -
SOLUTE MASS BALANCE -
TOTAL 
cm**3 
8.70E+01 
-5.49E+01 
9.04E+01 
O.OOE+OO 
1 77E+02 
-5.49E+01 
-6.19E+00 
-9.93E+01 
-1.06E+02 
1.88E+01 
-1.82E+00 
g 
O.OOE+OO 
-6.27E-05 
2.03E-04 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
2.03E-04 
-6.27E-05 
-1.18E-04 
O.OOE+OO 
O.OOE+OO 
1.83E-05 
3.03E-06 
to u> u> 
